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Abstract

The study analyzed the effect of economic growth, energy consumption, population density and
urbanization on carbon dioxide emission in 14 selected East African countries, with the main
interest of the effect of energy consumption and economic growth over the period 1980 to 2016,
except for Ethiopia (1981-2016), Tanzania (1988-2016) and Uganda (1982-2016). In doing this,
the study used Panel-Autoregressive Distributive Lag (Panel-ARDL), model. Result of panel unit
root tests revealed the model variables have a mixed order of integration (or 1 (0) and I (1)) and
none of them | (2). Result of co-integration tests confirmed the existence of long-run co-
integrating relationship among the model variables. Pooled mean group estimation result shows
all the model explanatory variables were statistically significant in the long-run to explain the
variance of carbon dioxide emission for the analyzed countries. The result shows energy
consumption, growth in output, population density and urbanization leads to an increase in
emission of the gas in the long-run. Energy consumption and economic growth also found
significant and have a positive impact in the short-run too, while urbanization found significant
and have a negative impact yet it is in a statistical sense. The population density was found
insignificant in the short-run. Hence, the study recommended the governments and policymakers
in the analyzed countries to develop and implement long-term energy, economic and
demographic policies such as switching to cleaner energy alternatives like wind, hydro, biogas,
biofuels and solar, green investment in the field of green technologies in order to lower the
opportunities of future carbonization of the economic structure, and controlling the rate of
population via intervention mechanism like women empowerment, improving girl education as

well as creating awareness on negative effect of having a large family size.

Key phrases: energy consumption, economic growth, CO, emission, population density,
urbanization, pooled mean group, mean group, dynamic fixed effect, Panel-ARDL



CHAPTER ONE
INTRODUCTION

1.1 Background of the study

Greenhouse gas, particularly CO, emission in the current era is considered to be the most
important driver behind increasing global climate change which is one of humanity’s greatest
challenges these days. Even though its rate of growth has been decreasing recently, its
atmospheric concentration continues to increase mainly due to an increase in worldwide energy
demand (Poku, 2016; EIA, 2016).

According to EIA (2016), much of increase in demand for energy occurs among non-OECD
developing countries largely because of their strong economic growth performance and

expanding population.

The same history holds in East Africa since all countries in the region are part of non-OECD.
Currently, East Africa is least developed and urbanized, but rapidly developing and urbanizing
region in the world (ADB, 2014; UN Habitat, 2014).

Over the past decade, the region made significant growth performance in output by tackling the
economic downward spiral that marked the 1980s and much of the 1990s (ADB, 2014). This is
observed by the remarkable economic expansion over the period 2012 to 2016 (UNECA, 2018).
Over this period, the region’s average growth rate was 6.5 % outpacing the average growth rate
of African (3.4 %), the world (2.5 %) and even the East Asian (6.1 %).

Recently, the region has been shown substantial progress in terms of demographics, both in
urbanization and population too. According to the United Nations Population Division (2018),
between 2010 and 2015, the region’s urban population has shown remarkable growth with
average annual rate of change of 4.55 % which is much higher than Sub-Saharan average (4.14
%) and the African average (3.7 %) and even outpacing the world average (1.9 %). Compared to
other regions in Africa continent, East Africa is also most rapidly urbanizing region followed by
Central Africa (4.31 %), Western Africa (4.27 %), Southern Africa (2.33 %), and Northern
Africa (2.31 %). Further, the region has experienced a significant increase in terms of the total



population with an average annual rate of change of 2.71 %, which is much higher than the
world average (1.19 %) over the period 2010 to 2015.

Besides economic and demographic growth, the region’s energy consumption has also been
increased dramatically. According to BP (2018) statistical reviews of world energy, the total
primary energy consumption in East Africa has increased from 39.95 million tonnes of oil
equivalent in 2012 to 51.05 million tonnes of oil equivalent in 2016, representing a growth rate
of 27.78 %. From this, one can understand that energy demand in East Africa has been
increasing mainly correlated with the economic and demographic growth performance in the

countries of the region.

Even though the demand for energy has been increasing in the region, its present consumption
structure is inefficient and pollution dependent, which leads to degradation of the environment.
According to UNECA (2014), energy consumption structure in most countries of the region is
highly dominated by combustible renewables and waste such as biomass energy source. Out of
the total energy consumption in the region, biomass materials such as wood, charcoal, plants and
animal wastes contribute well over 80% of the total energy. These energies are not clean and

pose a lot to environmental degradation associated with their consumption.

It is well known that an increase in energy and other natural resources used for economic
activities causes environmental degradation. High energy consumption causes the high
atmospheric concentration of carbon dioxide emission which is the main deriving factor behind

rising global temperature and climate change (Kulinois, 2013).

Recently, the growing threat of climate change and global warming has drawn attention on
growth- environment debate. It is well known that the countries should undertake their economic
activities without harming the natural environment in which economic system by itself relies on.
However, in developing economies, it is not possible to grow without polluting the environment
due to the fact that the existing production technology and science are not advanced and methods
of production technologies are not environmentally friendly. More generally, it is unquestionable
that pollution and environmental degradation are quite large mainly correlated with the way the
living style of the world’s population is constructed, production is undertaken and goods and

services are consumed (Ab-Rahim and Xin-Di, 2016).
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Thus, environmentalists and economists become more aware of the impacts and consequences of
economic activities on the natural environment and shifted the targets of growth from simple
conventional economic growth to sustainable and environmentally friendly economic growth
(Alam et al, 2016).

A need for sustainable economic growth and environmental quality are desirable policy goals
that every economy tries to achieve. However, these policy goals have been perceived to be at
odds with each other and create a paradox among nations. The move towards sustainable
economic growth requires a strong drive for industrialization, particularly heavy industrialization
and result in a more energy-intensive activity. Consequently, energy-related emissions increase
substantially. On the other hand, the pursuit of environmental quality is achieved by adopting
less energy-intensive industries such as the service sector. However, in the long-term, this may

not promote sustainable economic growth, if there is a weak industrial base (Adom, 2016).

The East Africa region falls into this dilemma. Even though the region registered quite
impressive growth over the past decades, it is obvious that almost all countries in the region
presently exist in the early stage of development, except for Seychelles and Mauritius. Therefore,
these countries have to develop and poverty and unemployment in these countries have to be
alleviated to help their citizens have a good living standard. In order to grow and develop, these
countries have to produce and consume and this process requires the heavy use of inputs, and
energy is the main one. On the other hand, given the present inefficient use of energy in the
region, the use of this input leads to degradation of the environment which in turn threats the
very existence of living in the region. With the present day energy consumption structure, the
economic activities in the region result in continuous environmental degradation through CO,

and thereby result in an unsustainable development situation in the countries in the long-run too.

Therefore, even though the region’s contribution to the global atmospheric concentration of CO;
emissions is smaller in reference to other regions in the world, its contribution to the global
atmospheric concentration of anthropogenic CO, emissions has been increasing. With the effects
of rapid economic, energy consumption, demographics growth on CO, emissions and the
substantial negative effects of increases in CO, emissions, this becomes more worrisome as East

Africa has one of the fastest economic, urbanization and population growth rates as well as



energy consumption in the world. With one of the fastest economic, energy consumption,
population, and urbanization growth rates in the world coupled with present-day inefficient use
of energy and pressures on natural resources such as land and forests to meet food, residential
and energy demands, it is expected that all other things being equal, its share of global
atmospheric concentration of CO, emissions over the coming decades will begin to increase

although its share of emissions will still be low.

Despite its share of global atmospheric concentration of anthropogenic CO, emissions is low compared
to other regions in the world, the region faces significant challenges from a change to the global
climate and is vulnerable to serious environmental challenges related to a changing climate and
largely affected by severely degraded natural resources and the environment in general. This also
exacerbated by recurrent droughts, deforestation, agricultural land expansion, and other natural
and man-made disasters, results in perpetual poverty and underdevelopment, which in turn

accelerates the degradation of natural resources and the environment in general.

Therefore, even though international agreements to limit the factors that accelerate the future
climate change will benefit East Africa, the region also has to take important measures to tackle
the likely future climate challenges. To this end, knowledge on the major deriving factor behind
increasing greenhouse gas, particularly CO, emission and their links in East African countries
will be a key in designing and implementing proper environmental policies and mitigation

strategies aimed at stabilizing greenhouse gas, particularly CO, emission in East Africa.

So, this study examines the effects of economic growth and energy consumption and other
demographic control variables on CO, emission which is the main deriving factor behind
increasing global temperature. Its finding has great policy implication for the environment,

energy consumption and economic growth of the region.



1.2  Statement of the problem

Following the path-breaking work of Grossman and Krueger (1991), quite a number of studies
assessed the link between CO, emissions, energy consumption, economic growth, and other
control variables. A large proportion of the studies admit that economic growth and energy
consumption have played a role in increasing CO, emissions globally. These studies have
examined for a long time under different circumstances (countries addressed, type of variables
used, econometric techniques and time period adopted) and provides different pieces of evidence
on the nexus of their model's variables. Therefore, their empirical findings on the link of the

variables remained mixed. Such studies can be categorized into three strands.

The first strand of studies considers the environmental implications of the growth process by
testing the EKC hypothesis. The EKC hypothesis states that as growth in output in the economy
increases, pollutant emissions, particularly CO, emissions increase as well until some threshold,
and after which it begins to decline with further increase in output (Grossman and Krueger,
1991). Hamilton and Turton (2000), Endeg (2015), Adu et al (2017), Ozokcu and Ozdemir

(2017) are some of the studies in this line.

The second strand of studies targets on the relationship between energy consumption and output
growth. This nexus indicates that the pursuit of economic growth needs more energy
consumption and more efficient energy use requires a higher level of income growth. Since the
initial work of Kraft and Kraft (1978), Granger causality testing mechanism has become a major
tool for investigating the nexus between growth in output and energy consumption in different
countries. Jumbe (2004), Asafu-Adjaye (2000), Saidi and Sami (2014), Ageel and Butt (2001)

and Huang et al (2008) are some of the studies in this line.

The third strand of the studies focuses on the examination of the dynamic links between
environmental pollutants, particularly CO, emissions, growth in output, energy consumption and
other important control variables altogether. Apergis and James (2010), Wang et al (2011),
Acaravci and Ozturk (2010), Endeg et al (2016), Ozturk and Acaravci (2010), Esso and Keho
(2016), Zakarya et al (2015), Pao and Tsai (2011), Oh and Bhuyan (2018), Hassan and Nosheen
(2018), Mohmood and Chaudhary (2012), Saboori and Sulaiman (2013), Tang and Tan (2015),



Rahman and Kashem (2017) Halicioglu (2009), Poku (2016), Hilaire and Fotion (2015), and

Shimalis (2017) are some of the studies in this strand.

Using panel-ARDL approach, Asongu et al (2015) for 24 selected African countries found a
significant positive relationship between energy consumption, economic growth, and CO,
emissions. The results also confirmed by Rasman and Kashem (2017) for Bangladesh and
Saboori and Sulaiman (2013) for a sample of selected Association of Southeast Asian Nations
(ASEAN) countries, and Zakarya et al (2015) and Pao and Tsai (2011) for BRICS countries.
Using the same econometric methodology (Panel-ARDL), Poku (2016) for Sub-Saharan African

countries found a significantly positive population and urbanization on carbon dioxide emissions.

In view of the above statements, this study intends to investigate the relationship between energy
consumption, economic growth and CO, emissions in 14 selected East African countries by
adding the two most responsible demographic variables such as population density and
urbanization into the nexus. Although studies on this area have been done on a number of
countries in both developed and developing countries, to the best of researcher knowledge, there
iSs no major panel studies that investigate the interactions between energy consumption,
economic growth, CO, emissions including some other demographic variables such as
population density and urbanization exclusively in East Africa. Therefore, this study contributes
to the existing literature and ongoing debate on climate change by examining the effect of energy
consumption, economic growth, population density and urbanization on CO, emissions in 14

selected East African countries.

The examination uses newly developed heterogeneous panel co-integration technique which is
Panel Autoregressive Distributive Lags (Panel-ARDL) and which has rarely been used. To
researcher knowledge, the Panel-ARDL methodology has never been employed to examine
climate change related issues in East Africa, even Africa in general, except Asongu et al (2015)
for the case of 24 African countries and Poku (2016) for Sub-Saharan African (SSA) countries.
But this study differs from their work in three important cases. First, unlike Asongu et al (2015)
and Poku (2016), this study considered the issue of spatial correlation of the error terms across
cross-section through demeaning the data following the recommendation of Pesaran et al (1997;
1999). Second, unlike Asongu et al (2015) and Poku (2016), investigation in this study used



unbalanced panel data which is more common in the country-level study. Third, whereas Asongu
et al (2015) and Poku (2016) checked the long-run relationship between the model variables
using only Pedroni (1999; 2004) which has less power when the model variables are once
fractionally integrated, this study used three co-integration tests procedure in order to check the

consistency of the result across tests.

1.3 The objective of the study

The general objective is to examine the effect of energy consumption and economic growth on
carbon dioxide emission in 14 selected East African countries. Under this, the specific objectives

are: -

v To investigate the effect of energy consumption on CO, emissions in 14 selected
East African countries.

v' To investigate the effect of economic growth on CO, emissions in 14 selected
East African countries.

v To examine the effect of population density on CO, emissions in 14 selected East
African countries.

v" To examine the effect of urbanization on CO, emissions in 14 selected East

African countries.

1.4 The hypothesis of the study

v Energy consumption positively and significantly affects CO, emissions in both short and
long-run.

v' Economic growth positively and significantly affects CO, emissions in both short and
long-run.

v'.Population density positively and significantly affects CO, emissions in both short and
long-run.

v’ Urbanization positively and significantly affects CO, emissions in both short and long-

run.



1.5  Significance of the study

In recent years, economic growth performance in the East Africa region has been impressive.
This has inspired political leaders and policymakers to set ambitious economic development
goals, with some countries explicitly aiming to become middle-income nations around the late
2020s. It is unquestionable that, the region’s development effort, as well as the ever-increasing
population, actually requires increased energy consumption since it plays a major role in
providing the foundation for economic activity and human well-being. However, energy
consumption also acts as the driving force for environmental degradation and greenhouse gas

(GHG) emission, particularly CO, emissions.

Given this, it is important to have this study which investigates the implications of energy
consumption, overall economic growth, population density as well as urbanization on CO,
emissions. Examining and identifying the link between energy consumption, carbon dioxide
emission, economic growth, population, and urbanization will provide information to the
policymakers to enable them to come up with the appropriate policies towards the region’s
sustainable development effort. In line with this, the findings of this study have significant policy
implications for the energy sector, environmental protection, and agricultural sector and for
anyone further concern on economic growth in East Africa region. Identifying the direction of
the relationship of the variables will provide information for further study and policy actions of

the region.

1.6 Structure of the study

The rest of the paper is structured as follows. Chapter two discusses the existing theoretical and
empirical literature. The descriptive study: the data, historical trends and descriptive statistics of
the model variables are covered in chapter three. Chapter four discusses the description of the
model variables and methodology of the study. The empirical analysis, presentation of results
and discussion of findings are covered in chapter five. Chapter six is entirely devoted to

conclusions and recommendations.



CHAPTER TWO
REVIEW OF THE THEORETICAL AND EMPIRICAL LITERATURE

2.1 Theoretical Literature
2.1.1 Economic growth and the natural environment

The environment-economy relationship is very complex, dynamic and all-embarrassing. The
economic system, which is part of the natural environment, is largely interlinked with the natural
environment and both of them affect each other. Every economic activity can have significant
impacts on the natural environment and also every environmental change can also have an
important implication on the economic system. The natural environment is central to economic
activity and growth by providing directly the resources (energy or material) that are required as
inputs for the production of goods and services and indirectly absorbing and processing
unwanted by-products in the form of pollution and waste, managing flood risks, life support
service and amenity, educational and spiritual values. In turn, the economic system affects the
natural environment through the insertion into and extraction from the environment (Henley et
al, 1997).

The natural environment is central to the economic system. The process of economic activity is
largely influenced by the natural environment, and the environment, in turn, is affected by the

extraction of natural resources and generation of waste by-products from economic activity.

While growing economic activity has provided a number of benefits, enhancing the standard of
living and improving quality of life across the world, it has also generated larger quantities of
waste by-products and results in depletion of natural resources thereby the degradation of the
natural environment. Given this, the question of sustaining the economic growth without
degrading the natural environment has begun to attract public attention both in developed and

developing countries (Everett et al, 2010).

For one point of view, economic growth requires more energy and material inputs from the
natural environment which in turn generates a larger amount of waste by-products including the

atmospheric concentration of greenhouse gases to the environment. The atmospheric



accumulation of greenhouse gas due to continuous extraction of natural resources from the
environment could result in the degradation of the natural environment thereby decline in human
welfare, despite growth in the economy. When the accumulation of pollutants run beyond the
carrying capacity of the natural environment the whole economic system will fall at risk (Daly,
1977 cited in Panayotou, 2003).

The accumulation of pollutant and degradation of the environment which is evident from the
increased insertion in to and extraction of natural resources from the environment affect the
general system of the environment which manifests the change in the form of changing the

climate- which is mostly mentioned as the problem of global climate change.

On the other extreme, there is an argument that states environmental improvement and
advancement in economy go hand in hand implying the increase in environmental quality goes
along with advancement of the economy due to the fact that higher incomes increased demand
for less material intensive goods and services as well as demand for improved environmental
quality that leads to the adoption of environmental protection measures (Panayotou, 2003 cited in
Endeg, 2015).

Contrasting the view that environmental improvement moves along the economic growth, the
other scholars hypothesize an inverted- U relationship between environmental degradation and
economic growth. The relationship between economic growth and environmental degradation
could vary along the countries growth path, and not follow a fixed path implying it may change
the sign from positive to negative. Such hypothesized Inverted-U relationship between
environmental degradation and economic growth came to be known as the Environmental
Kuznets Curve (EKC) hypothesis (Panayotou, 2003). The EKC concept first emerged in 1991
with initial works of Grossman and Krueger whose studies suggests that the environmental

impact indicators are an inverted U shaped function of economic growth.

The Environmental Kuznets Curve (EKC) is often used to describe the relationship between
economic growth and environmental quality. It refers to the hypothesis of an inverted U-shaped
relationship between economic growth and some measures of environmental quality. The
hypothesized relationship between various indicators of the environmental degradation and

income per capita infers that at early stages of economic growth, environmental degradation and

10



pollution increases but beyond some level of growth the trend will reverse so that at high-income

levels, economic growth leads to environmental improvement (Everett et al, 2010).

According to Everett et, al, such Inverted-U relationship between economic growth and
environmental indicators could be explained under different circumstances. First, at a lower
income level, individuals use their limited income to satisfy their basic consumption needs rather
than pollution abatement. But once a certain level of income is achieved, individuals begin
considering the trade-off between environmental quality and consumption, and environmental
damage increases at a lower rate; and after a certain point, spending on abatement dominates as
individuals prefer improvements in environmental quality over further consumption, and
environmental quality begins to improve alongside economic growth. Second, initially firms
devote all of their effort on the expansion of their gross product as quickly as possible, but as
technology evolves production processes become cleaner and more resource efficient, indicating
technology progress effect. Third, the development pattern of any economy is characterized by
the changing structure of economic activity, indicating Lewis growth model. In stage one, any
economic activity is largely depending on the primary production sector such as extraction of
natural resources and agriculture which likely increase the level of environmental pollution.
Under stage two resources are moved from the primary sector to the secondary sector like
manufacturing since basic needs are satisfied and further consumption is concentrated on
consumption good. Further, in stage three society moves from the secondary to the tertiary sector
such as services which is characterized by much lower levels of pollution.

Generally, the theoretical explanations of the EKC hypothesis are based on three main effects.
First, the scale effect: showing a positive relationship between economic growth and
environmental degradation and every increase in economic activity leads to pressure on the
environment. An increase in the production process requires the consumption of more energy
inputs and in turn emits more emissions and waste by-products. Therefore, economic growth has
a negative effect on the environment, where increased production and consumption causes
increased environmental damage. Such a proportional increase in the pollution and other
environmental wastes from the pure growth in the scale of the economy is due to the inability of
the economy to change in the structure and technology. Second, the composition/structure effect:

the contribution of different sectors in a gross domestic product affects the environmental
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degradation intensity caused by economic growth. This implies, the composition of production
changes along the growth path initially economic growth leads to industrialization and as the
goods balance shifts from agriculture to manufactured products, environmental damage increases
but the balance then shifts from producing manufactured goods to producing services, due to
both demand- and supply-side changes, reducing the level of domestic environmental damage.
Finally, technology effect: technological developments lead to a change in the environmental
impacts of production. This implies, when an economy reaches a certain level of wealth, it
invests a portion of its wealth to research and development activity towards environmentally

friendly production technology (Everett et al, 2010).

However, the Environmental Kuznets curve (EKC) hypothesis is questionable to policy-making
from many grounds, particularly from its theoretical inadequacy. First, EKC analyses are based
on a limited set of environmental pollutants and the conclusion derived from these analyses are
not applicable for all type of environmental pollutants. Second, the econometric evidence put
forward in support of the EKC has been found to be less reliable and robust than previously
thought implying the choice of model used to describe the relationship between income and
pollution has a significant impact on the results of the analysis. Third, the assumption of
exogenously given income seems unrealistic. The environment and the level of income
(economic growth) may exhibit bidirectional causality, meaning that environmental degradation
can have a feedback impact on economic growth in different ways and hence can affect the
income level. Fourth, due to the strong environmental regulation in the developed counties,
industries with higher environmental pollution may migrate to developing countries. This may
result in a decline in developed countries pollution and the increase in developing countries.
Fifth, aggregate pollution might not be declining in developed countries as it is being observed
that as some wastes like sulfur and nitrous oxide decline, others like CO2 and solid wastes
increase. Finally, due to an informal regulation in developing countries, availability of better
information now than ever, trade liberalization which can bring more efficient and
environmentally friendly production, the environmental improvement expected from developed
nations might also be possible in developing ones and good environment might be possible
before the assumed higher income level (Stern, 2003; Everett et al, 2010).
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2.1.2 Energy and Economic growth

Energy is a major determinant of economic growth. It enhances economic growth and
development of an economy. All the activities within an economy in terms of production,
distribution, and consumption of goods and services require energy as its input (Raheem and
Yusuf, 2015). It plays an important role in the economic development of a country by enhancing
the productivity of other factors of production. Therefore, “Energy is the lifeblood of any modern

economy” (Kulinois, 2013 pp, 1).

Access to energy is a key for human wellbeing, economic development, and poverty as well as
unemployment alleviation and hence energy and economic development are strongly connected.
The level and status of secure energy supply are largely depending on the level of economic
advancement and vice versa. Therefore, a high level of economic development leads to a high
level of energy demand as well as supply and in turn a high level of energy use results to a high

level of economic development (Omari, 2013).

Since the works of Kraft and Kraft (1978), an issue of the causal relationship between energy
consumption and economic growth is at the heart of the energy economics literature. At the heart
of this issue, a number of studies investigated the causation between energy consumption and
economic growth by raising the question as to which variable takes precedence over the other,
implying does energy consumption causes economic growth or does economic growth cause
energy consumption? However, they are remained empirically controversial and elusive or found
diverse results due to the different data set, alternative econometric methodologies and different

countries’ characteristics (Ozturk, 2010).

According to Ozturk (2010), though not conclusive, the results of the studies on the direction of a
causal relationship between energy consumption and economic growth are grouped into four

types of hypothesis.

1. Neutrality hypothesis: indicates that energy is neutral for growth. There is no causality
between economic growth and energy consumption implying neither the expansionary
nor contractionary policies in relation to energy consumption will have any effect on
economic growth and vice versa. According to this hypothesis, energy conservation

policy has no significant effect on the overall level of economic growth.
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2. Feedback hypothesis: contradicting the point of neutrality hypothesis, this hypothesis
infers that there is a bidirectional relationship between energy consumption and economic
growth showing both energy consumption and economic growth are mutually
interdependent and hence jointly determined. According to this hypothesis, both
economic growth and energy consumption act as a complement to each other, and hence
an increase in energy consumption results in an increase in economic growth and vice
versa. In this case, it is important to consider the impact of possible negative effects on
economic growth in establishing energy conservation policies.

3. Conservation hypothesis: indicates there is unidirectional causality running from
economic growth to energy consumption. This hypothesis is supported by economists
who consider energy as intermediate goods. According to this hypothesis, an increase in
economic growth causes an increase in energy consumption and further production of
energy. Therefore, this hypothesis recommends the energy conservation policy could be
implemented without the impacts on economic growth.

4. Growth hypothesis: indicate there is unidirectional causality running from energy
consumption to economic growth. According to this hypothesis, energy is a limiting
factor to economic growth. An increase in energy consumption due to expansive policy
contributes to the growth of the economy while a decrease in energy use due to
conservative policy adversely affects economic growth. Therefore, the policies targeted

on energy conservation may have significant impacts on economic growth.
2.1.3 Energy and the natural environment

Access to affordable and secure energy is essential for economic prosperity. Energy provides
heat and light for homes, fuel for transportation and power for industries (BP, 2015). Therefore,
it is unguestionable that energy is fundamental to every economic activity and also its sufficient
supply is prerequisite for every fast-growing economy. The expansion of production by growing
economy requires the consumption of more energy and hence limited availability of energy

critically impairs socio-economic development of a nation (Omari, 2013)
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Despite modern energy access in terms of its production and consumption is a vital determinant
of the growth and development of any modern economy, the sector is highly criticized from the

environmental grounds and has negative environmental implications.

Energy affects environmental quality through deforestation associated with unsustainable
biomass energy dependence, emission from burning fossil fuels (oil, gas, and coal) which are
considered as the major source of accumulation of greenhouse gas to the atmosphere. The
increased accumulation of greenhouse gas, especially carbon dioxide (COy) in the atmosphere
due to continuous extraction and use of such fuels could result in the degradation of the natural

environment thereby climatic change (BP, 2015).

Though plentiful and currently more affordable than other energy resources, fossil fuels emit
carbon dioxide (CO,) and other greenhouse gases through their production and use in homes,
industry, and vehicles. According to BP sustainability report, out of total energy consumption
(billion tons of oil equivalent) around 32 % comes from oil, 30 % from coal, and 24 % from gas
and totally 86 % energy consumed comes from fossil fuels. However, the remaining 14% comes
from renewable energy sources i.e. hydroelectricity (7 %), nuclear (4 %) and other renewables (3
%).

Given this, energy consumption is the major contributing factor to the accumulation of

greenhouse gas in the atmosphere which is responsible for global climate change.

Global warming and climate change are disasters that human beings have had to cope with for a
number of years. Across the world, human beings are experiencing the significant impacts of
climate change which is evident from increasing earth surface temperature, melting ice caps,
rising sea levels, changing precipitation patterns, decreasing freshwater supplies, worsening the
agricultural productivity and wildlife and reducing the productivity of labor force (Alam et al,
2016).

Today’s global climate condition is largely affected by an excessive concentration of greenhouse
gas in the atmosphere for the past century. Among the various greenhouse gases which cause
global climate change, co2 is not the most abundant. However, its excess can be directly related

to human activities such as extraction of resource for production, cement production, clearing of
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forests and other resources for energy use and other land use purposes (Ozokcu and Ozdemir,
2017).

Given this, transforming the energy sector to alternative sources which are clean and
environmental friendly is a burning issue. International environmental institutions like
Intergovernmental Panel for climate change (IPCC) and different other governmental and non-
governmental organizations propose the need to shift to alternative environmental friendly

energy sources such as renewable energy sources.

2.2 Review of the empirical literature

The nexus between energy consumption-economic growth-environmental pollutants has been the
area of intense research over the past few decades. A number of studies have investigated the
nexus between energy consumption, carbon dioxide emissions and economic growth exclusively
and also by including different variables of interest since the path-breaking work of Grossman
and Krueger (1991). However, depending upon the econometric techniques adopted, underlying
variables used, the development stages of the countries studied and the time period used in the
analysis, the evidence of the studies remain controversial to date. These studies which carried out
under different circumstances (countries addressed, type of variables used, econometric
techniques adopted and time period of the study) and infers different pieces of evidence can be
categorized into three groups. These are: first, studies that analyzed the environmental
implication of economic growth via testing the validity of the Environmental Kuznets curve
(EKC) hypothesis. Second, studies that analyzed the nexus between energy consumption and
economic growth via Granger causality tests. Third, the studies that investigated the three-way
linkage between energy consumption, economic growth and carbon dioxide emissions by adding

a number of control variables into the modeling framework.

2.2.1 Studies in the first strand of literature

The first group largely focuses on the nexus between economic growth and environmental
pollutants which are mainly focused to test the validity of the EKC hypothesis which claims an
inverted-U shaped relationship between economic growth and measured the environmental
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pollutants. Grossman and Krueger (1991), Hamilton and Turton (2002), Endeg (2015), Adu, et al
(2017), Joseph (2010) and Ozokcu and Ozdemir(2017) are some of the studies fall in this strand.

Using the global entrepreneurship dataset, Grossman and Krueger (1991) investigate the EKC
hypothesis for the case of North American countries, particularly for Mexico. Taking different
environmental indicators(mostly ambient pollutions), and controlling for various factors
affecting the environment, they assessed the potential environmental impacts of the free trade
agreement in North America (NAFTA) and analytically proved an inverted U- shaped EKC
hypothesis. The assessment found that environmental pollution level increase as a country’s per
capita income grows and begin to decline once a country’s per capita income reached a turning
points ($4000 to $5000) that marginal increment in a country’s per capita income should become
a push factor for increased political pressure for environmental protection and perhaps a change

in individuals consumption behavior.

A study by Hamilton and Turton (2002) examined the determinants of emission growth in OECD
countries over the period 1982-1997 using decomposition analysis approach. The results
confirmed the existence of an Inverted-U shaped environmental Kuznets curve. The result
further reveals economic growth is the main driving factor that positively affects emission
growth in the short run in OECD countries. However, in the long-run, emission growth is offset
by a fall in energy intensity because of improved technology achievable through economic
growth.

Moreover, Endeg (2015) researched the relationship between economic growth and
environmental degradation in Ethiopia between 1969/70 to 2010/11 applying Johansen co-
integration approach. The empirical results found evidence for the presence of EKC in Ethiopia,
indicating environmental degradation increase with per capita income growth during the early
stage of the economy, and then decline with per capita income growth after arriving at a certain
threshold. According to Endeg, early-stage environmental degradation is associated with the
nature of the economy. At the initial stage, all economy is agrarian and largely depends on nature
for resources as well as input use. However, with the introduction of environmentally friendly
policies and an increase in the share of the service sector in the country’s economy which is least

dependent on nature, environmental degradation declines in the future.
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Furthermore, Adu, et al (2017) studied the relationship between economic growth and
environmental pollution in selected West African countries over the period 1970-2013. The
empirical study used time series of cross-section (multiple countries panel datasets) and general
econometric model. In empirical modeling, they incorporated carbon dioxide emission and
combustible renewable waste as environmental pollution indicators. The study found a
significant positive relationship between economic growth and environmental pollution
indicators in the short run, but not in the long run, indicating the non- existence of an inverted U-
shaped curve. The study result contradicts the earlier studies carried out by Endeg (2015),
Hamilton and Turton (2002), and Grossman and Krueger (1991).

Ozokcu and Ozdemir (2017) considered 26 OCED countries and 52 emerging countries in
investigating the environmental Kuznets curve hypothesis using a standard panel estimation
model covering the period 1980-2010. Ozokcu and Ozdemir found evidence of an Inverted-N
shaped relationship between environmental degradation and economic growth, suggesting the
environmental Kuznets curves do not hold. Thus, economic growth cannot be a remedy for

environmental degradation.

Joseph (2010) investigated the relationship between economic growth and carbon dioxide
emission in Ghana, Nigeria, and Sierra Leone over the period 1970-2006 using panel estimation.
The study used the fixed effect modeling and found that an Inverted-U shaped curve hypothesis
(EKC) does not hold in West Africa. The study results suggest that these countries should take
policy action to ensure efficiency in energy consumption and reduction in carbon dioxide

emissions.

2.2.2 Studies in the second strand of literature

The second strand of the research targets to the nexus between energy consumption and
economic growth. This nexus infers that economic growth and energy consumption are closely
related and also be jointly determined implying more efficient use of energy largely depends on
the high level of economic growth and also higher economic growth needs more energy
consumption. Since the pioneering work of Kraft and Kraft (1978), the causality relationship
between energy consumption and economic growth is intensively discussed and debated and

provides a number of empirical works into the literature which presents inconclusive evidence.
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Jumbe (2004), Asafu-Adjaye (2000) Saidi and Sami (2014), Ageel and Butt (2001) and Huang et

al (2008) are some of the studies in this strand.

Jumbe (2004) examined the co-integration and causality between electricity consumption (KWh)
and overall economic growth (GDP), agricultural GDP and non-agricultural GDP, respectively in
Malawi over the period 1970-1999 using Granger causality and error correction techniques. The
results showed that co-integration is established among electricity consumption, overall GDP and
non- agricultural GDP, but not with agricultural GDP. The Granger test found a bi-directional
causality between electricity consumption and overall GDP implying that overall GDP and
electricity consumption are jointly determined, and also found unidirectional causality running
from non- agricultural GDP to electricity consumption. The error correction model (ECM)
showed one- way causality running from overall GDP and non- agricultural GDP to electricity
consumption showing that continuous growth in overall GDP may result in continuous growth in

electricity consumption.

Moreover, Asafu-Adjaye (2000) studied the causal relationship between energy consumption and
economic growth in four Asian countries, namely:- India, Indonesia, the Philippines and
Thailand using co-integration and error correction modeling techniques. The empirical result
found unidirectional causality running from energy consumption to economic growth for India
and Indonesia, and a bidirectional causal relationship between energy consumption and
economic growth for Thailand and the Philippines in the short-run. However, the result found
unidirectional causality running from energy consumption and energy price to economic growth
in the long-run. The study further found that energy consumption, economic growth, and energy
price are mutually causal in the case of Thailand and the Philippines. Except for Indonesia and
India where neutrality is observed in the short-run, the study proved that the view that energy

consumption and economic growth are neutral with respect to each other does not hold.

In a related study, Saidi and Sami (2014) assessed the two- way relationship between energy
consumption and economic growth in Tunisia between 1974 -2011. The assessment employed
Johansson co-integration technique and found a bidirectional causal relationship between energy
consumption and economic growth in the long-run. The study result implies that energy use is a

determinant factor for economic growth and hence a high level of energy use results to a high
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level of economic growth and vice versa, which contradicts the new- classical assumption of the

neutrality of the effects of energy on economic growth

Using Hsiao’s version of Granger causality that provides more robust result over arbitrary lag
length selection and technique of co-integration, Ageel and Butt (2001) researched the causal
relationship between energy consumption and economic growth as well as between energy
consumption and employment for Pakistan. Both co-integration and Granger causality test result
found that economic growth does Granger cause total energy consumption and energy
consumption causes employment. The result from independent analysis for disaggregated energy
consumption found unidirectional causality running from economic growth to petroleum
consumption, electricity consumption to economic growth. However, in the case of the gas

sector, the result indicates no causality among economic growth and gas consumption.

Furthermore, Huang et al (2008) investigated the causal relationships between energy use and
economic growth using evidence from 82 countries over the period 1972 -2002. They analyze
the data by dividing the countries into four groups: low-income group, lower middle-income
group, upper-middle-income group, and high-income group. The investigation used a dynamic
panel data approach and found no causality between economic growth and energy consumption
in the low-income group. The result further found economic growth results in energy
consumption to rise in middle-income groups (both lower and upper-middle-income group), but

in the high-income group, economic growth results in decline energy consumption.

2.2.3 Studies in the third strand of literature

The synthesis of the above two kinds of literature has created a relatively recent and emerging
research area that analyzes both nexus into the same framework. This third strand concentrates
on the assessment of the dynamic relationships between economic growth, energy consumption
and environmental pollutants altogether. Apergis and James (2010), Wang et al (2011), Acaravci
and Ozturk (2010), Endeg et al (2016), Ozturk and Acaravci (2010), Esso and Keho (2016),
Zakarya et al (2015), Pao and Tsai (2011), Oh and Bhuyan (2018), Hassan and Nosheen (2018),
Mohamood and Chaudhary (2012), Saboori and Sulaiman (2013), Tang and Tan (2015), Rahman
and Kashem (2017) Halicioglu (2009), Poku (2016), Hilaire and Fotion (2015), and Shimalis

(2017) are some of the studies in this strand.
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Apergis and James (2010) analyzed the three-way linkage between energy consumption,
economic growth and CO, emissions in 11 countries of the Commonwealth of independent states
using a panel vector error correction model over the period 1992-2004. The econometric analysis
on the panel data of 11 countries confirmed that energy consumption positively and significantly
affects CO, emission in the long-run, and hence a more intense use of energy results to an
increase in CO, emission. The result further found economic growth impact follows an inverted-
U shaped curve (EKC) hypothesis. The Granger test found bidirectional causality among energy
consumption and CO, emission. Further, in the short-run, the result found a unidirectional
causality runs from economic growth and energy consumption, respectively to CO, emissions,

and bidirectional causality among energy consumption and economic growth.

Zakarya et al (2015) studied the relationship between the total energy consumption, foreign
direct investment, economic growth, CO, emission in the BRICKS countries during the period
1990-2012 using Fully Modified Ordinary Least Squares (FMOLS), Dynamic Ordinary Least
Squares (DOLS), and panel Granger causality testing methods. The study found a significant
long-run co-integrating relationship between CO, emissions and independent variables such as
energy consumption, economic growth foreign direct investment. The results of the FMOLS and
DOLS methods show that energy consumption, economic growth, and foreign direct investment
significantly increase the CO, emission in the long-run. The Granger test found unidirectional
causation running from CO, emissions to energy consumption, economic growth, and foreign

direct investment.

Using evidence from the same sample countries (BRICS) and econometric methodologies (panel
co-integration techniques and Granger test), Pao and Tsai (2011) assessed the impact of
economic growth and financial development on environmental degradation over the period 1980
to 2007, except for Russia (1992-2007). The study found carbon emission is energy elastic but
foreign direct investment inelastic and also confirmed the existence of the EKC for the analyzed
countries. The Granger test found highly significant bidirectional causality between emission and
foreign direct investment, economic growth and emission, and economic growth and energy
consumption, respectively. Moreover, the Granger test reveals unidirectional causality runs from

economic growth to foreign direct investment and energy consumption to emissions.
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Using similar panel-co-integration and Granger causality, Wang et al (2011) researched the
three-way relationship between energy consumption, economic growth and CO, emission using
evidence from 28 provinces in China over the period 1995-2007. The research found a long-run
relationship between the variables. The result further found bidirectional causality among
economic growth and energy consumption and also CO, emissions and energy consumption. The
result also suggests CO, emission and energy consumption can affect each other in the long run,
indicating CO, emission causes energy consumption and vice versa. Furthermore, the result

found economic growth cause of both CO, emission and energy consumption in the long run.

Tang and Tan (2015) assessed the relationship between CO, emission, energy consumption, FDI
and economic growth in Vietnam during the period 1976-2009. The study used co-integration
and Granger causality approach and found evidence of long-run co-integrating relationship
among the variables. The study also confirmed the existence of the EKC for Vietnam. Tang and
Tan further found that energy consumption and economic growth significantly and positively
affects the level of CO, emission of the country. Furthermore, the Granger test found energy
consumption Granger causes the level of CO, emission in Vietnam in both the short and long-

run.

Moreover, by using the same econometric approaches, Rahman and Kashem (2017) evaluated
the relationship between carbon emissions, energy consumption and industrial production in
Bangladesh during the period 1972-2011. The empirical results found that there is a long-run co-
integrating relationship between the variables. The result further reveals that the country’s
industrial production and energy consumption have a statistically significant positive impact on
the level of carbon emissions both in the short and long-run. However, the Granger test found
unidirectional causation running from both energy consumption and industrial production to
carbon emission in both the short and long-run, indicating that both energy consumption and

industrial production determines carbon emission.

In the third strand of literature, quite a number of studies used Autoregressive Distributed Lags
(ARDL) technique of co-integration to investigate the three-way linkage between energy
consumption, economic growth, and environmental indicators by including different control
variables in their model. Hilaire and Fotio (2015), Oh and Bhuyan (2018), Hassan and Nosheen
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(2018), Mahmood and Chaudhary (2012), Saboori and Sulaiman (2013), Halicioglu (2009),
Ozturk and Acaravci (2010), Acaravci and Ozturk (2010), and Shimalis (2017) are studies in
this group.

Taking four Congo basin countries, namely:- Cameron, Congo, Gabon, and the Democratic
Republic of Congo Hilaire and Fotio (2015) assessed the nexus by including population density,
industrial activity, and trade openness into the nexus during 1978 to 2012. The study found
evidence for the existence of a long-run co-integrating equilibrium relationship between the
variables. The study further found energy consumption, economic growth, population density,
and industrial activities significantly accelerate carbon emissions, while trade openness does not

significantly affect carbon emissions in the analyzed countries.

Taking evidence from Bangladesh, Oh and Bhuyan (2018) examined the relationship between
energy consumption, economic growth, population density, trade openness, and carbon dioxide
(CO,) emission during the period from 1975 to 2013. The examination found a statistically
significant positive impact of energy consumption on CO, emission in both the short and long-
run. Further, the result found a statistically significant positive impact of population density in
the long-run, but its impact is statistically insignificant in the short-run. Also, the result reveals
the impact of economic growth and trade openness is negative but statistically insignificant in
both the short and long-run. Oh and Bhuyan concludes that the concerning body in the country
should practice the policy measures in order to generate the environmentally clean energy

alternative which not pollute much the environment.

Furthermore, Hassan and Nosheen (2018) investigated the impact of air transportation, economic
growth, energy demand, population density foreign direct investment and trade in Pakistan
between 1990 and 2017. The investigation found a statistically significant and positive impact of
air transportation, energy consumption, economic growth and population density on the three
emission indicators (CO,, NO, and methane). However, the study further suggests an

insignificant impact of foreign direct investment and trade in CO,, NO,, and methane emissions.

For the same country (Pakistan), Mahmood and Chaudhary (2012) analyzed the impact of
foreign direct investment, population density, and share of manufacturing value added on carbon

emissions covering the period from 1972 to 2005. The study found a long-run co-integrating
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relationship between the variables and all of the variables under study positively impact carbon

emission and contribute to the pollution in Pakistan.

Taking multiple country case, Saboori and Sulaiman (2013) tested the co-integration and causal
relationship between economic growth, energy consumption, and carbon emission on a sample of
selected Association of Southeast Asian Nations (ASEAN) countries covering the period 1971-
2009. The results found a long-run co-integrating relationship between the variables and
statistically significant positive impact of energy consumption on carbon emissions of the
countries in both the short and long-run, indicating that energy consumption facilitates the
countries carbon emission over time. The Granger test found bidirectional causality between
energy consumption and carbon emission in the countries under study, indicating energy

consumption and carbon emissions are highly correlated to each other.

In other multiple country study, Acaravci and Ozturk (2010) for 19 European countries analyzed
the causal relationship between per capita energy consumption, per capita real income and per
capita CO, emission. The analysis found evidence for the existence of the Inverted-U shaped
curve (EKC) hypothesis in Denmark and Italy. The result also suggests a long-run relationship
between per capita CO, emission, per capita energy consumption, per capita real income and the
square of per capita real income only for Denmark, Germany, Greece, Iceland, Italy, Portugal,
and Switzerland. The cumulative sum and cumulative sum of squares tests found that the

estimated parameters are stable for the sample period.

Halicioglu (2009) and Ozturk and Acaravci (2010) analyzed the short- and long-run dynamic
causal relationship between energy consumption, economic growth, carbon emissions in Turkey
between 1960 and 2005 and 1968 and 2005, respectively by adding foreign trade and
employment, respectively into the nexus. The results indicated that there is a significant long-run
equilibrium relationship between the variables. Halicioglu (2009) found economic growth in
Turkey is the most significant variable in determining the carbon emissions followed by energy
consumption and foreign trade. However, Ozturk and Acaravci (2010) confirmed the EKC
hypothesis is invalid for Turkey. Further, the Granger test in this study found neither CO;
emissions nor energy use exerts a significant impact on economic growth (income), but

employment causes income in the short-run.

24



Recently, Shimalis (2017) investigate the environment- energy—growth nexus by including
urbanization, population, financial development, and trade openness using evidence from
Ethiopia during the period 1970-2014. The investigation used Autoregressive distributed lag
(ARDL) and multivariate framework of Toda-Yamamoto procedure and found evidence of a
long-run co-integrating relationship between the variables of interest. The result further found
energy consumption, population, trade openness and economic growth statistically significantly
and positively affect CO, emission, but economic growth squared significantly and negatively
influences CO, emission, confirming the validity of EKC hypothesis in the short-run. The
Granger test found bidirectional (feedback) relationship between energy consumption, CO,
emission, and urbanization. Furthermore, the Granger test results reveal financial development,
population, and urbanization causes economic growth and also economic growth causes CO,

emission.

Using Panel-Autoregressive Distributed Lags (Panel-ARDL), Asongu et al (2015) and Poku
(2016) assessed the long and short-run relationship between energy consumption, CO, emission
and economic growth using evidence from 24 African countries covering the period from 1982
to 2011 and Sub-Saharan African countries during the period 1990-2010, respectively. The
assessment found evidence for a long-run relationship among the variables of interest. The study
by Asongu et al (2015) found stable error correction mechanism and at the time of
disequilibrium, only energy consumption adjusts towards its long-run equilibrium. The Granger
test found long-run causality runs from economic growth and CO, emissions to energy
consumption and from both CO, emissions and energy consumption to economic growth.
Furthermore, the Granger test further found no causality runs from energy consumption to
economic growth in the short run, but the reverse causality is observable. Poku (2016) found a
highly statistically significant positive impact of population and urbanization on carbon emission
in both the short and long-run. Poku concludes carbon emissions in highly populated counties

grow faster in comparison to the countries with a small population.

Using Vector Autoregressive (VAR) technique, Endeg et al (2016) examined the three-way
linkage between energy consumption, income, and CO, emission by including urbanization in
Ethiopia over the period 1970/71 to 2010/11. The study found an insignificant long-run
relationship between energy use and CO, emission, indicating the country’s contribution to CO;
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emission from coal consumption in the different sector is very low. Also, the result confirmed
the existence of the EKC. The Granger test found causality running from energy consumption to
economic growth and urbanization and also from economic growth and urbanization to CO,

emission.

Utilizing the same econometric approach (VAR), Esso and Keho (2016) examined the long term
Granger causal relationship between economic growth, energy consumption and CO, emission
using evidence from a sample of 12 selected Sub- Sahara African countries over the period 1971-
2010. The study found a mixed result in terms of causality direction across countries. The study
result further found energy consumption and economic growth results in an increase in CO,

emissions in most countries in the long-run.

To conclude, in the review of the empirical literature section, several related studies covering
developed as well as developing countries concerning the effect of energy consumption,
economic growth and other important deriving factors on carbon dioxide emission. From the
above empirical studies one can understand that their finding on the relationship and causation
between energy consumption, economic growth, carbon dioxide emission, and other important
control variables is inconclusive and basically depend on the methodology and types of data
adopted, countries and types of variables addressed, and time period covered. The above
literature survey also suggests that none of the studies on the nexus between energy
consumption, economic growth, population density, urbanization, and carbon dioxide emissions
has been done in East Africa in the panel context. Therefore, the present study contributes to the
existing literature and ongoing debate on climate change issues by examining the effect of
energy consumption and economic growth on carbon dioxide emission in East Africa region by
incorporating important demographic variables such as population density and urbanization into
the modeling framework. The investigation in this study used the newly developed
heterogeneous panel co-integration technique which is Panel-Autoregressive Distributed Lags
(Panel-ARDL) and which has rarely been used to investigate the climate change related issue.
The above literature survey suggests that most panel studies have employed the homogenous
frameworks where the co-integrating vectors are assumed to be identical for all panel units,
except Asongu et al (2015) and Poku (2016). However, this study differs from their work. Unlike
Asongu et al (2015) and Poku (2016), this study used unbalanced data, demeaned data to
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eliminate the spatial correlation between the error terms of the cross-section as suggested by
Pesaran et al (1997; 1999), and a number co-integration tests in order to check consistency or
robustness of the result. Therefore, this study contributes to the existing literature by filling the
above-mentioned gaps observed in previous studies.
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CHAPTER THREE
DESCRIPTIVE STUDY

3.1 Introduction

This chapter introduces the types, sources, historical trends and descriptive statistics of the data
on carbon dioxide emission, total primary energy consumption, economic growth, population
density and urbanization over the analyzed period for the sample study of 14 East African
countries. Section 3.2 presents the data types and sources for the data on candidate variables such
as carbon dioxide emission, economic growth, energy consumption, population density, and
urbanization. Section 3.3 presents the historical carbon dioxide emissions, economic growth,
energy consumption, and population density and urbanization paths or trends for the countries
covered in the study over the analyzed years. Section 3.4 describes the descriptive statistics of

the candidate variables.
3.2 Types, sources and measurement units of the data

Annual time series data spanning over 37 years, from 1980 to 2016, on carbon dioxide emission
(measured in million tonnes of carbon dioxide), real per capita GDP (measured in US $), total
primary energy consumption (measured in Quadrillion British thermal unit), population density
(measured in people per square kilometer of total land area) and urbanization (measured in total
urban population) were collected from different sources for 14 East African countries:- namely,
Ethiopia, Burundi, Kenya, Madagascar, Mauritius, Mozambique, Seychelles, Rwanda, Uganda,
Zambia, Comoro, Zimbabwe, Tanzania and Malawi.

All the variables except total primary energy and carbon dioxide emission were obtained from
the World Bank World Development Indicators database (WB, 2018). The total primary energy
consumption and carbon dioxide emissions data were obtained from the U.S Energy Information
Administration (EIA, 2018) and Global Carbon Atlas (GCA, 2018) databases, respectively.

In this study, only 14 countries were used in the analysis due to a lack of recent and complete
data for the rest of East African countries. The period of the study goes only up to 2016, due to a
lack of more recent data for the countries under analysis. Furthermore, the period covered by the
data varies across countries: 1980-2016 for Burundi, Comoros, Kenya, Madagascar, Malawi,
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Mauritius, Mozambique, Rwanda, Seychelles, Zambia, and Zimbabwe; 1981-2016 for Ethiopia;
1982-2016 for Uganda and 1988-2016 for Tanzania. Therefore, the sample incorporates a time

series of a cross-section, the data sample was used as a panel data.

3.3 Trend analysis

3.3.1 Trend of Economic growth in the countries under study

East Africa is currently one of least developed, but rapidly developing region in the world.
Available data shows that, on average, real per capita GDP in the 14 countries of the region grew
from almost $1037 in 1980 to $2306, representing $1269 more real per capita GDP than the year
1980, which is more than double. The countries have experienced strong economic growth in
years under investigation (1980-2016), and real per capita GDP grew from almost $1037 in the
year 1980 to $2306 in the year 2016 recording a remarkable average annual growth rate of
2.21% (see figure 3.1).

Figure 3.1: Historical trend of average real per capita GDP of the countries under study
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However, this positive growth has not been gradual. From the figure, the countries’ average real
per capita GDP is slightly decreasing from the year 1980 to the year 1981 by a yearly rate of
change of -1.21 % and then it slightly increases in the immediate year till 1982 with a yearly rate

of change of 1.1 %.
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The lowest value of average real per capita GDP ($1022) was reached in the year 1983. It can be
observed, over the period 1984 to 1993, average real per capita GDP has been increased with the
period's average rate of change of 2.98 % and experienced a slight decrease in the year 1994 by
recording the yearly rates of change of -2.74 %. However, it has started to modestly increase
from the year 1995 to the year 2007, despite some fluctuation over the period. But in the year
2008, it has experienced a slight decrease compared to the year 2007. In this year, the average
real per capita GDP fall by a yearly rate of change of -0.344 %, mainly related to the effect of the
economic crisis in the world at that period.

From the year 2009 onwards the average real per capita GDP has been increased remarkably. To
be noted, the average real per capita GDP of the countries has experienced remarkable positive
growth performance year by year starting from the year 2009 and till the year 2016. Over this
period, it grows by the period’s average yearly rate of change of 3.15 %. From this, one can
understand that dynamic changes of real per capita GDP in the region is quite impressive over
the analyzed years (1980-2016).

Even though the average real per capita GDP of the countries under study has experienced
almost steady increasing trend over the analyzed years, its historical trends vary considerably in
each country under study. Therefore, in order to capture potential differences in the historical
trends of the variables (real per capita GDP) between the countries under investigation, it is
interesting to consider their trends in each country separately. The following section highlights
the historical trends of real per capita GDP by country covered in the present study.

Figure 3.2 and 3.3 shows the changes in the real per capita GDP starting from the year 1980 to
the year 2016 for the candidate countries of the study. Real per capita GDP follows a relatively
steady upward trend in Mauritius and also in Seychelles with some fluctuations over the
analyzed period (see figure 3.2). It can be observed the Seychelles real per capita GDP curve stay
above Mauritius’s curve throughout the analyzed period, meaning the level of real per capita
GDP is the highest for Seychelles in reference to Mauritius. The reason why these two countries
treated separately is to view the trend of the variable clearly. According to the World Bank
(2018) country grouping, these two countries are grouped high and upper middle-income

country, respectively.
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Figure 3.2: Historical trend of real per capita GDP in Mauritius and Seychelles
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During the period under investigation (1980-2016), real per capita GDP increased by the average
annual growth rate of 4 % and 2.3%, respectively in Mauritius and Seychelles and reaching
$9822 and $13598, respectively in 2016. From this, Mauritius has registered higher and
consistent remarkable growth in real per capita GDP in reference to Seychelles over the analyzed
period. Such growth is mainly correlated with the country’s performance in terms of political
stability, strong macroeconomic management, increased foreign direct investment, good
institutions; an outward market-driven strategy; careful fiscal, exchange rate, trade, investment
and monetary policies and the careful overall planning and policy choices (ADB, 2017; Republic
of Mauritius, 2016). Further, “the deriving sectors of Mauritius’s real per capita GDP were
tourism, financial services, retail trade, and the Information and Communication Technology
(ICT) sector” (the Republic of Mauritius, 2016 ).

Figure 3.3 illustrates the real per capita GDP trends for the remaining candidate countries of the
study. As illustrated in the figure, the real per capita GDP has increased in almost all countries in
the study, except Burundi, Comoros, Madagascar, and Zimbabwe. In other words, real per capita
GDP relatively deteriorated in Burundi, Comoros, Madagascar, and Zimbabwe over the time
period under investigation in reference to other countries. During the time period under
investigation, the average annual rate of change of real per capita GDP in Burundi, Comoros,
Madagascar, and Zimbabwe is -0.58 %, -0.3 %, -0.98 %, and -0.4%, respectively. Over the study
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period, Madagascar recorded the highest negative change in real per capita GDP followed by

Burundi, Zimbabwe, and Comoros.

Figure 3.3: Historical trend of real per capita GDP by country
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The deterioration of real per capita GDP in these economies is basically related with some
country-specific problems. The downward spirals or negative change of Burundi’s economy can
be largely blamed to the acute socio-political crisis that severely affected the country. The
structural and economic difficulties including high population pressures, lack of land, rapid loss
of natural resources, lack of a viable secondary sector able to relieve pressures of the primary
sectors and political uncertainty stemming from a series of elections in a politically
fractionalized environment seriously weakened the country’s economy (ADB, 2011; 2015;
2017). In Comoros, negative change in real per capita GDP was largely associated with the
ongoing electricity crisis (WB, 2017). Madagascar’s negative average growth in real per capita
GDP was associated with persistent bad government policies that have had held back economic
activities (ADB, 2006).

In Zimbabwe, the coexistence of an increasingly severe economic and political crisis strongly
affects the country’s economic performance and real per capita GDP between 1999 and 2008.
The ongoing crisis in Zimbabwe has largely been related to unfavorable macroeconomic
management stemming from lack of government flexibility in undertaking macroeconomic

adjustment and unsustainable fiscal as well as monetary policy. Due to this crisis, the engines of
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Zimbabwe’s economic growth such as agriculture, manufacturing, mining, and tourism have
been significantly affected and real per capita GDP has highly deteriorated (ADB, 2002; 2004).
In addition, the country’s entry to the Democratic Republic of the Congo (DRC) war in August
1998 was also a contributory factor to the country’s economic downward spiral (Kanyenze et al,
2017). Since 2009 the country’s real per capita GDP has increased gradually. This was largely
driven by the remarkable performance in the agriculture, hunting, and fishing; real estate and
health sectors (the Republic of Zimbabwe, 2016).

Further, real per capita GDP has tremendously increased since the starting time of the study in
other countries. It is notable that the real per capita GDP has been increased in Ethiopia, Kenya,
Malawi, Mozambique, Rwanda, Tanzania, Uganda and Zambia and reaching $511, $1143, $481,
$514, $738, $867, $662, and $1629, respectively in 2016 (WB, 2018). Over the analyzed years,
the average annual growth rate of real per capita GDP in these countries is 2.48 %, 0.68 %, 0.57
%, 2.94 %, 2.29 %, 2.13 %, 2.29 %, and 0.72 %, respectively.

In comparison, the two countries that represent the highest real per capita GDP are Seychelles
and Mauritius at $13598 and $9822 in 2016, respectively (see figure 3.2). However, the average
annual growth rate of real per capita GDP rank place of Seychelles is the third one accounted
from the year 1980 to 2016, with a rate of almost 2.3 %. Mauritius has the first highest real per
capita GDP average annual growth rate with 4 % followed by Mozambique (2.94 %) and
Ethiopia (2.48 %).

Following the two high and upper middle-income countries (Seychelles and Mauritius
respectively) the two countries that represent the highest real per capita GDP are Zambia and
Kenya with almost $1629 and $1143 in 2016, respectively (see figure 3.3). The average annual
growth rate of real per capita GDP rank place of Zambia and Kenya is seventh and eighth with a
rate of 0.72 % and 0.68 %, respectively. According to the World Bank (2018) country grouping,

these two countries are also grouped as lower middle-income countries.

Even though the growth rate of real per capita GDP is deteriorated over the years, Zimbabwe is
the fifth country with real per capita income in 2016. In the same year, Burundi recorded the
lowest real per capita GDP ($218) followed by Madagascar ($416). This ranks Madagascar and
Burundi the thirteenth and fourteenth place in comparison to other countries. However, the
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average annual growth rate of real per capita GDP rank place of the two countries (Burundi and
Madagascar) is fourteenth and thirteenth one with an average annual growth rate of -0.59 % and

-098 %, respectively.

However, the recent 17 years data (2000 to 2016) shows that Ethiopia, Rwanda, Mozambique,
Mauritius, Tanzania, and Zambia in that order experienced quite impressive growth in real per
capita GDP with an average annual growth rate of 6 %, 5 %, 4.14 %, 3.8 %, 3.46 %, and 3.38 %,
respectively. In this period, all candidate countries of the present study have recorded remarkable
performance in terms of real per capita GDP growth, except for Zimbabwe. From this one can
understand that Ethiopia is the country with the fastest growth rate compared to other candidate

countries of the present study over the last 17 years.

3.3.2 Trend of demographic growth in the countries under study

Recently, East Africa has experienced quite impressive growth in both urbanization and
population (UNPD, 2018). Available data show that the region’s population and urbanization
have been increasing remarkably over the analyzed years. Figure 3.4 illustrates the average
population density trend compared to urban population evolution since 1980 for the candidate
countries of the study. From the figure, one can see that both population density and urban
population have been increased throughout the analyzed period. Specifically, the average annual
rate of change of population density and urbanization is 2.22 % and 6.24 %, respectively. From
this, one can understand that the growth of population in the countries under study is quite
impressive. This is because the total area of land is more or less fixed over the years; the growth
of population density implicitly indicates the rate of growth of population. Further, urbanization
also captured by the urban population growth and over the years under consideration the growth
of urban population via the rural-urban migration and natural rate of growth within the urban

population also quite high.
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Figure 3.4: Historical trend of average population density and urbanization of the countries under

study
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Figures in APPENDIX A in the appendices part of the paper depicts the time series plot or
historical trends of population density (people per square kilometers of total land area) and urban
population (total), which marks the level of population dynamics of the respective country. From
the figures, one can observe a very similar upward trending population density and urban
population in almost all countries in the sample over the analyzed years. However, in Rwanda,
the population density series experienced a significant drop in the year 1994 due to the genocide
of the period. Specifically, the average annual rate of change of urban population in Rwanda and
Uganda in that order has the highest amounted 3.66 % and 2.96 %, respectively, while Mauritius
has the lowest accounting -0.093 %. Regarding population density, Uganda, Ethiopia, Malawi,
and Tanzania in that order have the highest annual average rate of growth amounted 4.26 %, 3.23
%, 2.96 %, and 2.94 %, respectively. Mauritius and Seychelles have the lowest annual average
rate of growth in terms of population density over the time period under investigation. From this,
one can understand that on average population grow fast in Uganda and Ethiopia which is
observed from the high average annual growth rate of population density. Further, rapid
urbanization is also displayed in Rwanda followed by Uganda which is noticed from a fast

average annual rate of growth of the urban population over the time period under analysis.
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3.3.3 Trend of energy consumption in the countries under study

Related with the region’s growth performance in economics and demographics energy demand
significantly increasing. Available data show that the total primary energy consumption in the
region has experienced quite impressive growth even though its consumption structure is

inefficient and pollution dependent (see figure 3.5).

Figure 3.5: Historical trend of average total primary energy consumption in the countries under
study
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From the figure, the level of average total primary energy consumption of the candidate
countries of the study follows an upward trend, despite some setbacks. Overall, the average total
primary energy consumption for the candidate countries increased from almost 0.042QBtu in the
year 1980 to almost 0.125QBtu in the year 2016, representing a rise of 197.62% over the
analyzed period. From this, one can understand that a dynamic change of total primary energy

consumption is quite impressive over the analyzed years (1980-2016).

The countries’ energy consumption growth has not been gradual. As it can be observed the level
of total primary energy consumption is decreasing from the year 1980 to the year 1981 by a
yearly rate of change of -12.38 %, and then slightly increases in the immediate year till 1983,
with a yearly rate of change of 4.17%. The lowest value of the total primary energy consumption
(0.036QBtu) is reached in the year 1984. It can be observed, over the period 1984 to 1993, the
total primary energy consumption has been increased with the period’s average rate of change of
2.92 % and a slight decrease in the year 1994 by recording the yearly rates of change of -3.22 %.
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However, the countries’ total primary energy consumption has started to modestly increase
from the year 1995 to the year 2007, despite some fluctuation over the period. But in the year
2008, total primary energy consumption has experienced a slight decrease compared to the year
2007. In this year, the total primary energy consumption dropped by a yearly rate of change of -
1.99 %. This is mainly related to the effect of the economic crisis in the world at that period.
From the year 2009 onwards the total primary energy consumption has been increased

remarkably mainly related to the region’s economic growth performance of the period.

The same as real per capita GDP trend, the total primary energy consumption of the region
experienced remarkable positive growth performance year by year starting from the year 2009
and till the year 2016. Over this period the variable (total primary energy consumption) grew by
an average yearly rate of change of 6.18 %, which is quite impressive. From this one can
understand that the energy demand in East Africa has been increasing recently.

Looking at the historical trends of each country’s total primary energy consumption, it is
possible to observe significant variation over the years under investigation. Available country-
level data shows that the historical trends of total primary energy consumption in the countries
under analysis have shown a significant variation from country to country and from year to year
over the period under investigation (see figure 3.6). Figure 3.6 illustrates the historical trends of

the total primary energy consumption in the candidate countries of the study.

Figure 3.6: Historical trend of the total primary energy consumption by country
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Observing figure 3.6 one can see clearly that the total primary energy consumption has been
increasing in all countries, despite some setbacks. The country with the highest total primary
energy consumption in the year 2016 is Kenya with 0.316QBtu followed by Mozambique
(0.30QBtu ), Ethiopia (0.267QBtu), Tanzania (0.233QBtu ), Zimbabwe (0.164QBtu), and
Zambia (0.156QBtu). In the same year, Comoros recorded the lowest total primary energy
consumption with 0.002QBtu followed by Burundi (0.006QBtu). However, in terms of study
period average annual growth rate, the highest is for Burundi with 7.8 % per annum, followed by
Ethiopia (6.8 %), Mozambique (6.57 %), Seychelles (6.44 %), and Uganda (6.11 %). In contrast,
the lowest average annual growth rate is for Zambia with 0.59 %, followed by Zimbabwe (0.64
%).

Within the analyzed period, the candidate countries of the study experienced different
performance in terms of the total primary energy consumption growth at different time horizons.
Before 2000, the rate of increase in energy consumption is relatively slower than its growth rate
after 2000 in eight countries such as Comoros, Ethiopia, Kenya, Madagascar, Mozambique,
Tanzania, Uganda, and Zambia. This is observed from the average annual growth rate of total
primary energy consumption between the two periods. Over the period 1980 to 2000, the average
annual growth rate of total primary energy consumption the above listed countries is 5.8 %, 4.85
%, 2.35 %, 3.9 %, 6.17 %, 1.89 %, 5.59 %, and -1.23 %, respectively, whereas over the period
2000 to 2016, its growth rate is 8.57 %, 9 %, 5 %, 6.4 %, 8.83 %, 8.7 %, 6.11 % and 2.83 %,
respectively. From this, one can understand that the demand for energy in these countries more
impressive over the period 2000 to 2016, in comparison to the period 1980 to 2000. In contrast,
the remaining six countries total primary energy consumption growth is slow during the period
2000 to 2016 in comparison to the period 1980 to 2000. This implies energy consumption

demand in almost all countries has been increasing over the period under investigation.

3.3.4 Trend of carbon dioxide emission in the countries under study

According to the Energy Information Administration (EIA, 2016), strong economic growth
performance and growing population are considered to be the major deriving factors behind
increasing energy demand. And, energy consumption and economic growth, as well as

demographic factors such as population and urbanization, are also among the major factors that
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increase the atmospheric concentration of CO, emission. In developing countries, particularly
East African countries, growth in energy consumption, output, population, and urbanization are
quite impressive in recent decades. As clearly discussed above, the countries in the region have
experienced a remarkable performance both in economic growth and energy consumption as well
as demographics over the time period under investigation. Such growth has an implication on the
anthropogenic emission of carbon dioxide. Accordingly, the following section highlights the
historical trends of anthropogenic emissions of carbon dioxide in the region’s countries over the

time period under investigation.

Figure 3.7: Historical trend of average carbon dioxide emission of the countries under study
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Figure 3.7 shows the changes in the average anthropogenic emission of carbon dioxide starting
from the year 1980 to the year 2016 for the 14 East African countries covered in the present
study. From the Figure, one can see that the level of average anthropogenic emissions of carbon
dioxide is increasing impressively over the years under study. In 2016, anthropogenic emissions
of carbon dioxide in the region reached almost 5.88MTCO;; representing a rise by 215.4% in
comparison 1980, when it was almost 1.87MTCO, (see Figure 3.7). However, such growth has
not been gradual. Carbon dioxide emission is decreasing from the year 1980 to the year 1985
with few ups and downs and reached the study period’s lowest value in the year 1985
(1.68MTCO,). Over this period or from 1980 to 1985, its average annual rate of change is
amounted -1.64 %. Since the year 1986, the level of carbon dioxide emissions starts to slightly
increase with few setbacks till the year 1999, and then it starts to modestly decrease for the year
2000 to 2003.
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Over the period 1986 to 1999, the level of anthropogenic emissions of carbon dioxide grew by a
yearly average rate of growth of 4.37 %, while over the period 2000 to 2003, it dropped by -2.4
% on average. From the year 2004 onwards, the level of anthropogenic emissions of carbon
dioxide has experienced a remarkable increase, even the recent five years data shows that its
growth is quite impressive which amounted 8 %, per annum. From this, one can understand that
the anthropogenic emission of carbon dioxide has been increasing over the analyzed years (1980
to 2016).

Similar to energy consumption and economic growth trends, carbon dioxide emissions trends
also vary by country even though its trend is more or less exhibits steady upward for the

candidate countries in general.

Figure 3.8: Historical trend of carbon dioxide emission by country
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Observing figure 3.8, one can see more or less similar upward trends of carbon dioxide emission,
despite some ups and downs, except for Zimbabwe with reference to that of total primary energy
consumption discussed earlier. Similar to that of total primary energy consumption trend,
Zimbabwe is the country with the highest stock of carbon dioxide emission early three decades
of the analyzed period, whereas starting from 2008 Kenya’s carbon dioxide emission outpaces
Zimbabwe’s emission. Even after 2014, the level of carbon dioxide emission in Ethiopia and

Tanzania dominates Zimbabwe’s emission.
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In the year 2016, the country with highest carbon dioxide emission stock is Kenya with 15.32
MTCO, followed by Tanzania (13.6MTCO;) and Ethiopia (12.94MTCO,). On the other hand,
the country with the lowest carbon dioxide emission in the same year is Comoros with
0.18MTCO2 followed by Burundi (0.5MTCO,), Seychelles (0.58MTCO;), and Rwanda
(0.98MTCO,).

Specifically, in terms of average annual growth rate, Uganda, Tanzania, Seychelles, Ethiopia,
and Mauritius are the country with rapid carbon dioxide emission growth registering 7.22 %, 7
%, 6.64 %, 6.11 %, and 5.74 %, respectively, while slower carbon dioxide emission growth is for
Zimbabwe with 1.22 %, per annum, followed by Zambia (1.28 %) and Malawi (2 %).

Similar to total primary energy consumption, the candidate countries of the study experienced
different performance in terms of the total primary energy consumption growth at different time
horizons within the analyzed period. This is observed from the average annual rate of change of
carbon dioxide emission over the two periods (before 2000 and after 2000). Before 2000, the
average annual rate of change of carbon dioxide emission is the highest for Seychelles with
10.59 %, followed by Mauritius (8 %) and Uganda (5.48 %), while the lowest is for Mozambique
(-3.45 %), Zambia (-2.6 %) and Rwanda (0.6 %). However, after the year 2000, the level of
carbon dioxide emission increases almost all countries. This is observed from its average annual
growth rate over the period 2000 to 2016. In this period the average annual growth rate of carbon
dioxide emission exhibits a significant increase in all countries under study compared to the
period 1980 to 2000, except for Kenya, Mauritius, Seychelles, and Zimbabwe. Over this period,
the highest average annual growth rate is for Mozambique with 15.45 %, followed by Tanzania
(10.9 %), Uganda (9.26 %) and Ethiopia (9 %). In contrast, Zimbabwe with -0.77 %, followed by
Seychelles with 2.19 % are the countries under study that recorded the slowest growth in carbon
dioxide emission in the same period. ~ From this one can understand that the level of carbon
dioxide emission has been increasing over the analyzed period in almost all countries under
analysis mainly correlated with the region’s performance in terms of energy consumption,

economic and demographic growth.
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3.4 Descriptive analysis
3.4.1 Descriptive statistics by country

From table 3.1 in APPENDIX B, in comparison to the other twelve countries, Mauritius and
Seychelles have shown the highest variation in terms of real per capita GDP, indicating the
countries real per capita GDP are highly scattered in comparison to other countries, while the
lowest variation in terms of real per capita GDP is observed in Burundi. From the table, the
highest real per capita GDP average is for Seychelles with almost $8918 followed by Mauritius
($5362) and Zambia ($1170), while the lowest real per capita GDP average is for Ethiopia with
$254 followed by Burundi ($264) and Mozambique ($275).

Regarding energy consumption, compared to the other countries under analysis, Mozambique
and Ethiopia show the highest variation in terms of total primary energy consumption whereas
the lowest is displayed in Comoros (see table 3.1 in APPENDIX B). The maximum value of total
primary energy consumption measured in quadrillion British thermal units (Quad Btu) is
registered in Kenya (0. 3159412) and the lowest value is displayed in Comoros and Burundi,
with the minimum value of 0.0007091 and 0.0011472, respectively. The highest total primary
energy consumption average is for Zimbabwe with 0.175QBtu and the lowest total primary
energy consumption average is for Comoros with 0.0018QBtu. This suggests that Zimbabwe
consume the largest share of total primary energy in comparison to the other countries covered in

the present study.

From table 3.1 in APPENDIX B, the standard deviation of the variable carbon dioxide emission
indicates that Tanzania and Kenya have the highest value, respectively indicating carbon dioxide
emission in MTCO, is more scattered in Tanzania and Kenya whereas Comoros has the lowest
along with Burundi. In terms of study period average distribution Zimbabwe, Kenya, Tanzania
and Ethiopia in that order have the highest carbon dioxide emissions average with
12.06628MTCO,, 8.24627TMTCO,, 5.122059MTCO, and 4.636117MTCO,, respectively, while
Comoros, Burundi, and Seychelles in that order have the lowest carbon dioxide emissions
average with 0.0963858MTCO,, 0.2385562MTCO, and 0.3668368MTCO,, respectively. This
implies that, on average, Zimbabwe, Kenya, Tanzania, and Ethiopia in that order are the most

emitting countries during the analyzed years.
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The standard deviation of population density series indicates Rwanda has more scattered
population density ranging from its minimum value of 208.38 to its maximum value of 483.07,
whereas Zambia has the lowest indicating less scattered population density in the country (see
table 3.1 in APPENDIX B). In terms of average distribution of population density, the highest
population density average is for Mauritius with 563 people/ KM? followed by Rwanda (322),
Comoros (282) and Burundi (259), while the lowest population density average is for Zambia
with13 people/KM? followed by Mozambique (23), Madagascar (26) and Zimbabwe (30).

Highest standard deviation in terms of urban population is for Ethiopia with 4809385, while the
lowest is for Seychelles with 6466.529. This suggests that the urban population is more scattered
in Ethiopia and less scattered in Seychelles. The highest urban population average is for Ethiopia
with 10076005 followed by Tanzania (9436387) and Kenya (6358557) and the lowest urban
population average is for Seychelles followed by Comoros.

3.4.2 Descriptive statistics in the panel

Since the sample incorporates a time series of cross-section, it is used to form a panel data set.
The model variables used in this study are measured in a different unit and to operationalize the
study, it is important to convert them into a natural logarithm. All the model variables are
converted into natural logarithm, except urban population. Urban population annual growth rate
is used instead of using natural logarithm for estimation purpose. The panel descriptive statistics
result also includes the statistics in natural logarithm and also an annual growth rate of the urban

population.

Table 3.2 in APPENDIX B, shows the results of the descriptive statistics of all the variables
consisting of 507 observation of each. The standard deviation of the variables shows that the
urban population has the highest value (3777127) and total primary energy consumption has the
lowest (0.0690706) indicating that urban population is more scattered in the panel ranging from
its minimum value of 31229 to its maximum value of 2.03e+07 than other variables and total
primary energy consumption is less scattered ranging from its minimum value of 0.0007091 to
its maximum value of 0.3159412 and its value is highly concentrated around its
mean(0.06647032) than other variables. In terms of growth, the highest variation is also
displayed in urban population (2.256448) while the lowest is for real per capita GDP (1.070744).
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To conclude, available data suggest that carbon dioxide emission in almost all countries in the
sample has been increasing and follows a similar tendency with the countries energy
consumption and economic growth as well as demographic indicators such as population density
and urbanization over the analyzed period. Moreover, along with carbon dioxide emission, most
countries in the region have experienced an upward trend in economic growth, energy
consumption, and demographics such as population density and urbanization over the study
period. This implies that a sample of economies has to experience a developing phase with
respect to the introduction of new industries, manufacturing plants and processing factories into

the economy as well as urbanization.

As can be observed from the trend analysis, a sample of countries have shown remarkable
performance in terms of output and population growth which causes aggregate demand in the
economy to increase and resulted in growth in the energy demand and consumption too. This is
observed from the trend of total primary energy consumption in the region showing an almost
upward trend over the analyzed period. Much of its increase might be driven by the region’s
economic growth performance and ever-increasing population which results in high population
density and urbanization. In fact, such an increase in energy consumption has an impact on
environmental quality and resulted in an increase in the atmospheric concentration of carbon
dioxide emission. This is also observed from the positive correlation of total primary energy
consumption and carbon dioxide emission in the trend analysis. From this one can understand
that the path of carbon dioxide emissions in the region is influenced by the path of economic

growth, energy consumption, population density, and urbanization.

This conclusion basically stands for trend analysis, which suggested the growth in output,
population density, and urbanization seems to be the deriving factors behind increasing energy
demand in the region. An increase in energy consumption, in turn, seems to be the principal
deriving factors behind the increase in the atmospheric concentration of carbon dioxide emission

since the two series follow the same tendencies over time in almost all countries in the region.

However, the trend and descriptive analysis are insufficient in establishing the nature of the
relationship between the model variables (carbon dioxide emissions, economic growth, energy

consumption, population density, and urbanization). Therefore, there is a need to conduct an
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econometric analysis since only empirical estimation confirms the direction and magnitude of the
relationship. Accordingly, the conclusions formulated above leads to study a chain of the
relationship between carbon dioxide emissions, energy consumption, economic growth,
population density and urbanization in an integrated empirical framework for a sample of 14 East
African countries.
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CHAPTER FOUR
METHODOLOGY

4.1 Introduction

This chapter introduces the methodology used in this study. It highlights the description of the
variables, model and equations that capture the relationship between the dependent and
independent variables.

4.2  Description of the model variables and expected sign

The description of the model variables under investigation; that is, the dependent and

independent variables are explained as follows:

Carbon dioxide (CO;) emission: Carbon dioxide emission is represented by emissions from
fossil fuel consumption. This variable is taken due to the non-existence of recent aggregate data
on carbon dioxide emission that includes CO, emissions from land use and others for each
country, which is only available for the period up to 2014. Due to this reason carbon dioxide
emission from fossil fuel consumption, which is available until 2016 is taken to represent the
carbon dioxide emission variable. According to global carbon atlas, carbon dioxide emission
from fossil fuel includes emissions from the use of coal, oil, and gas (combustion and industrial

processes), the process of gas flaring and the manufacturing of cement.

Energy consumption: Energy consumption is also represented by total primary energy
consumption. The total primary energy consumption is used to represent total energy use due to
the reason stated for carbon dioxide emission. According to U.S energy information
administration agency, total primary energy consumption includes the consumption of
petroleum, dry natural gas, coal, and net nuclear, hydroelectric, and non-hydroelectric renewable
electricity. The consumption of this energy for each country also includes net electricity imports
(electricity imports minus electricity exports). And, the consumption of biomass, geothermal,
and solar energy not used for electricity generation are also included in total primary energy
consumption. Further, non-combustion uses of fossil fuels are also included in the total primary
energy consumption. From the discussion in chapter 3, a similar path has been observed between

carbon dioxide emissions and total primary energy consumption in almost all of the countries
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under investigation. Therefore, the present study expects a positive sign for the coefficient of

total primary energy consumption.

Economic growth: Economic growth is represented by real gross domestic product per capita
since in economic sense real gross domestic product and economic growth is identical. Real
gross domestic product per capita, in the World Bank data set, is obtained as gross domestic
product divided by midyear population. Therefore, the present study used real gross domestic
product per capita as a proxy for economic growth and is used as the best indicator of economic
growth, which could proxy the levels of standard of living of the society. The same to that of
total primary energy consumption, the path of real gross product per capita and carbon dioxide
emissions are too similar in almost all countries, except Burundi, Comoros, and Madagascar. In
general, a positive coefficient is expected from real gross domestic product per capita in this

study.

Population density: Population density is midyear population divided by land area in square
kilometers (WB, 2018). In this study, population density is taken to represent relative growth of
population to a fixed resource (land area) available. As clearly observed from the trend analysis
of the variables last chapter, the path of population density is steadily increasing relative to land
over time because an area of land is constant over the years, the relative growth of population is
the major factor responsible for the increase in density. If this is the case, the increase in
population in a fixed resource (land area) may be the important factor responsible for the
environmental degradation in the form of increased demand for arable, residential and grazing
land. In other words, as population increase relative to total land area, population density
increase and result in higher pressure on the usage of resources both economic and
environmental and leads to higher emissions of pollutants, the most prominent one is carbon
dioxide. Further, each additional person in the country creates a certain demand for energy for

basic needs such as food, clothing, shelter, and others.

Therefore, the higher is the number of peoples or density, the higher is the demand for energy
and fuel to sustain their life. An increase in population density means an increase in population
relative to the total fixed land area available, the effect of which is a higher rate of deforestation

in the form of demand for cultivable, grazing and residential land as well as for biomass
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consumption. Given this, such usage of resources indirectly and directly causes environmental
degradation. Therefore, the present study expects a positive sign for the coefficient of population

density.

Urbanization: Urbanization is proxied by the annual urban population growth. Urban population
refers to people living in urban areas as defined by national statistical office whereas the total
population is based on the de facto definition of population, which counts all residents regardless
of legal status or citizenship (WB, 2018). Urbanization is a sign of economic growth and
standard of living. But its impact of environment pollution is apparent. Rapid urbanization could
result or bring a remarkable increase in energy demand. In the urbanization process and the
concomitant larger urban areas, activities like large scale construction of infrastructure and
buildings require using large amounts of cement in which its production emits a large amount of
carbon and other inputs. Further, in the urban area, each urban resident consumes a higher
amount of energy relative to a person residing in rural areas; that results in more carbon
emissions. It is also observed that; East African countries are currently urbanizing at a relatively

fast rate. Therefore, the current study expects a positive sign for the coefficient of urbanization
4.3  Model specification

This section presents a simple model that captures some of the major model variables that can be
deriving the anthropogenic emissions of carbon dioxide in a set of East African countries. The
lists of the variables to be included in the modeling framework are introduced largely depending

on the basis of other empirical analysis.

To investigate the determinants of anthropogenic emissions of carbon dioxide from economic
and demographic perspectives in East African countries, the researcher specifies an empirical
model following the papers by Shemelis K (2017), that explains Ethiopia’s carbon dioxide
emission as depending on energy consumption, economic growth, financial development,
population and urbanization, and by Ohlan R (2015), that explains India’s carbon dioxide
emission as depending on population density, energy consumption, economic growth and trade
openness. Asongu et al (2015), use panel data analysis for 24 African countries. They model

carbon dioxide emissions as a function of energy consumption and economic growth.
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Following the above-mentioned papers, the present study incorporates macroeconomic and
demographic variables in the modeling framework to examine the determinants of carbon
dioxide emissions in East African countries. Therefore, an empirical model is specified as carbon
dioxide emission as a function of energy consumption, economic growth, population density, and
urbanization. Unlike Asongu et al (2015) this study includes demographic variables such as
population density and urbanization that can be augmenting anthropogenic emissions of carbon
dioxide in East African countries. The inclusion of demographic variables into the modeling
framework is to overcome the problem of omitted variable bias. Among the demographic
variables, population density in a sense represents relative growth of population to total fixed
area of land available, the effect of which is in per capita land area cultivated, built, grazed and
also per capita energy consumed in the form of wood and wood-based energy. This is an
important variable that assumed to be a responsible factor for environmental degradation.

In view of the above statement, to establish the relationship between carbon dioxide emissions,
total primary energy consumption, real gross domestic product per capita, population density and

urbanization, the following reduced form model is proposed:
COq; ¢ = F(TPEC; s, RGDPPC; ¢, PD ¢y URi () uuuueueiiiiiiiiiiiiiiiiiiieeeeeeee e Equ (4.1)

Where, CO,; , is carbon dioxide emission from fossil fuel form country i at time t, TPEC; , is total
primary energy consumption form country i at time t, RGDPPC; , is real gross domestic product
per capita form country i at time t, PD; . is population density form country i at time t and UR; ,

is annual urban population growth form country i at time t.

Equation (4.1) suggests that total primary energy consumption, real gross domestic product per
capita, population density and urbanization can be the determinants of carbon dioxide emission
in fourteen Eastern African countries. In other words, carbon dioxide emission is a function of
total primary energy consumption, real gross domestic product per capita, population density and

urbanization. Further, Equation (4.1) expressed in an explicit parametric model as follows:

COzi,t = ﬁOi + ﬁliTPECi,t + ﬁziRGDPPCl"t + ﬁ3l'PDi,t + B4—iURi,t + Clfeeeereniininn, EqU.(42)
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The residual e; ; represents the cross-section specific error term overtime t, fS,; represents the
cross-section specific intercept. The slopes S41;,582i, B3i and f,;are the coefficients of total
primary energy consumption, real gross domestic product per capita, population density and

urbanization, respectively.

Finally, all the explanatory variables included in the model except urban population growth will
be transformed into their logarithmic form for estimation purpose. Such transformation has some
advantage in the estimation process. First, it minimizes the fluctuations in the data series or
ensures the elimination of possible outliers as well as large coefficients. Second, it allows the
measurement of approximate growth rates or it captures growth impacts. Finally, the
interpretation of the coefficients gives elasticities. Elasticities are of significance as it would
bring to bear the actual responses of the dependent variable to changes in the independent
variables. In this context, the elasticities bring the actual responses of carbon dioxide emissions
to changes in the level of total primary energy consumption, real gross domestic product per
capita, population density and urbanization in the country i at time t or at any point in time. Since
it is represented in annual growth form, urbanization variable will not be transformed in its

natural logarithm.
In view of the above statement, Equation (4.2) can be rewritten in a logarithmic form as follows:
LCOZi,t = BOi + ,Bll'LTPECl',t + BZiLRGDPPCi,t + ﬁ3iLPDi,t + ﬁ‘l-iLURi,t + ei’t ............ Equ (43)

The term B;;,02:, Bs; and B, represent the elasticity. All other things are as they are defined

earlier.
4.4  The methodology of the study

This study investigates the effects or impacts of selected indicators of demographics and
economics activities on anthropogenic emissions of carbon dioxide for the period of 1980 to
2016 for a panel of East African countries. In panel data analysis so far, various approaches have
been used to examine the relationship between the variables of interest under investigation.
These include pooled OLS, random Effects, fixed effects, GMM estimation techniques and co-
integrating regression models such as Fully-Modified OLS (FMOLS) and Dynamic-OLS
(DOLS). However, in this study, the Panel-Autoregressive Distributed Lag (Panel-ARDL) co-
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integration in the form of Unrestricted Error Correction Model (UECM) is used. Panel-ARDL
model is preferred over the other standard panel data model because it has a number of

advantages over them. These are:

e First, the Panel-ARDL in error correction form is relatively new co-integration test
(Pesaran and Shin, 1999; Pesaran, 1997; Pesaran et al 1999).

e Second, it can be applied even with variables with a different order of integration
irrespective of whether the variables under investigation are 1(1) or 1(0) or mixed(Pesaran
and Shin, 1999).

e Third, it involves a single equation set up and this makes implementation and
interpretation of ARDL estimators simple (Giles, 2013).

e Fourth, it produces both the short run and long run effects simultaneously from the data
with large cross-section and time dimensions (Pesaran and Shin, 1999). In other words,
Panel-ARDL decomposes the total effects of a variable into its short and long-run
components.

e Fifth, it provides consistent coefficients despite the possible presence of endogeneity
because it includes lags of dependent and independent variables (Pesaran et al, 1999).

e Sixth, it is good for both large and small sample size and unlike other methods; it
produces a statistically significant result in small samples (Pesaran et al, 1999; Narayan,
P, 2005).

e Finally, it allows different variables to be assigned different lags in the model (Giles,
2013).

In addition, the data under analysis also fit only the panel-ARDL model among other panel data
models. The data under study exhibits a mixed order of integration from the stationary analysis.
This suggests only panel-ARDL model fits the data since it can be applied even with variables
with a different order of integration irrespective of whether the variables under investigation are |

(2) or 1 (0) or mixed while other models cannot.

Therefore, in order to achieve the objectives of the study, the model of carbon dioxide emissions
equation is estimated using Panel-ARDL econometric technique. In order to estimate the
relationship between the variables using Panel-ARDL framework, the following procedure is

followed:
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First, perform panel unit root tests to ascertain none of the variables under investigation
are integrated of order 2 or I (2).

Second, perform panel co-integration tests to ascertain the existence of a long-run
relationship among the variables of interest under investigation. However, this step is
considered as optional in most of Panel-ARDL estimation because co-integration can be
ascertained from the statistical significance of the long-run coefficients and error
correction mechanism. The standard panel co-integration tests require the variables under
investigation should be integrated of order one or I(1), but in the case of Panel-ARDL
methodology, the variables under investigation can be 1(0), 1(1) or mixed. Therefore, the
standard panel co-integration tests such as Kao (1999), Pedroni (1999, 2004) and others
provide less evidence when the variables under investigation are found to be a mixed
order of integration. Though the co-integration or the long-run equilibrium relationship of
the variables under investigation can be ascertained from the statistical significance of the
error correction mechanism or the speed of adjustment term, the present study also
utilized the standard panel co-integration test such as Kao (1999) and Wald-test for the
robustness of the result.

Third, run a Panel-ARDL model specification.

Fourth, determine the optimal lags structure for the model specified in step 3.

Fifth, estimate the model using the alternative estimators such as Mean Group (MG),
Pooled Mean Group (PMG) and Dynamic Fixed Effect (DFE).

Sixth, perform Hausman (1978) test

Seventh, select the best fit or consistent estimator based on the outcome of the Hausman
(1978) test

Finally, perform some diagnostic tests for the selected model to ensure the validity,

consistency and efficiency conditions before going to interpretation.

52



45  Estimation procedure

45.1 Panel unit root test

It is well known that the regression result is consistent and can also be used for forecasting and
policy analysis when the variables incorporated in the model under investigation are stationary.
A variable is stationary when it’s mean; variance and auto-covariance are time-invariant and
follow constant movement over time. However, most of the macroeconomic variables in the
practical world are non-stationary. This occurs when a variable has a persistent long-run
movement or if it is unstable over time. Thus, proper care should be taken to the issue of
stationarity of the variables in order to avoid the problem of spurious regression before going to
estimation. Spurious regression is common when least square regression is run on unrelated
variables which are non-stationary. In this case, one can obtain a significant relationship while
the variables are unrelated. In such a case, the study results can be used to infer the behavior of
the variables at a single point in time but no for the different period under investigation.

Recently, more attention is being given to the examination of stationarity of the variables in the
panel test, and a number of panel unit root tests have been developed, in order to determine the
order of integration of the model variables. This study employed three types of panel data unit
root tests that accommodate unbalanced panel data. Such tests the Im-Pesaran-Shin (IPS) test
developed by Im et al (2003), the Fisher-type Augmented Dickey-Fuller (ADF) and the Fisher-
type Phillips Peron (PP) tests developed by Maddala and Wu (1999). Therefore, this study used
the IPS test and the two Fisher type tests namely Fisher-type Augmented Dickey-Fuller (ADF)
and the Fisher-type Phillips Peron (PP) tests to test integration order of the model variables.

All panel unit roots start on the following autoregressive process of the panel data. Let’s

consider the following AR (1) process for panel data.
Vie = QYit—1 b LiXit T it coe oo i e it e et e e e s e s e e EQU(44)

Where i=1, 2,..., N, represents cross- section units or observed time series over time t=1, 2,.....,
T, x;.indicates the exogenous variables in the model including any fixed effects and individual

trend, a; are autoregressive coefficients, e; . are the error terms.
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If |a;| < 1, then y;  is said to stationary, and when |a;| =1, this implies the series y; , contains unit

root or non-stationary series.

4511 Im, Pesaran, and Shin (2003) test

As a starting point Im, Pesaran and Shin (2003) used the autoregressive process for panel data
given by equation (4.4) and propose the (IPS) a test that can be considered as a panel extension
of the Augmented Dickey-Fuller (ADF) test:

So, Im et al (2003) use the following specification of the test:
Ayi,t = PiYit-1 + Z;ﬂ:l 61Ayl,t—j + ,Bixl-,t + L R TR TN TTR TR TPR TIPS Equ(45)
Where p; = a; -1, g; is the order of lags for the difference term

Some panel data unit root tests such as Levin et al and Breitung constrain p; be the same across
cross-section (that is assumed p; =p). Im et al (2003) test, on the other hand, allow heterogeneity
on the autoregressive coefficient (p;) across cross-sections. In other words, this test enables
individual unit root processes through separate ADF regression for each cross section. Thus,
allowing p; could vary across the cross-section. This test combines the individual unit root tests
to derive a single panel test statistics. A single panel unit root test statistics are generated by
averaging the cross section-specific test statistics. After finding the separate ADF regression for
each cross-section, the average of the test statistics for p; from the individual ADF regression can
be computed. Therefore, the IPS test simply uses the average of the N ADF individual test

statistics (tit ), which can be computed as:
1
t — baryy ZEZ?’zl 2T OPURRURNRRIROY s 1 /1 C: X <)

Where, t;r is a standard Dickey-Fuller statistic for the i*" individual or country.

This statistics can be used to evaluate whether a variable Y;, has a unit root or not. The test

hypotheses are given below:

The null hypothesis of the test can be given as:
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Ho: p; = 0 foralli. This indicates a coefficient «; from equation (4.4) equals one. It is well
known from equation (2) p; = a; — 1. The null hypothesis holds true or not rejected when p; =0
and this holds when a; = 1. Therefore, under the null hypothesis Y;, is non- stationary across

individuals or countries.
The alternative hypothesis can also be given as:

H'{ p; =0,fori=1, 2,.... N1
"1p; <0,fori=N1+1,,,,,,N

Under the alternative hypothesis, at least a non-zero fraction of the individual process is

stationary. In other words, Y; , is stationary at least in one i (p;<0 for at least one i).
45.1.2  Fisher-ADF and Fisher-PP tests

Another panel unit root test, alternative to IPS test is Fisher-type tests developed by Maddala and
Wu (1999). Maddala and Wu (1999) suggest a Fisher- type tests such as ADF and PP, which
combines the P-values from unit root tests for each cross-sectional unit. In other words, these
tests use combined or aggregated P-values from individual time series unit root tests to test for a
unit root in panel data. These tests adopt equation (4.5) above and allow heterogeneity of the
coefficient p; across cross-sections or countries. The main feature of these tests is that unlike
IPS test that use average test statistics, they combine the probability values of the unit root tests
from individual cross-sections. However, all the tests the IPS (2003), the Fisher-type ADF and
the Fisher-type PP test combine information based on individual unit root tests and also account
unbalanced data. Furthermore, these tests are usually implemented using individual ADF and
Phillips and Perron unit root tests. All tests asymptotic distribution follows a chi-square (p-test).
Since both IPS and Fisher- type tests use equation (4.5) above and also allow heterogeneity of
the coefficient p; across cross-sections or countries, their tests hypothesis also follow the same
pattern. Therefore, the null and alternative hypotheses of the test are the same as in the case of
the IPS test.

In order to investigate the stationary property of every cross-sectional series under investigation,
Fisher-type ADF and PP panel data unit root tests use regression of the following equation just
like IPS test.
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Ayi,t = piyi,t—l + Z 61Ay,_’t_] + ,Bixi,t + vi,t ECIU(47)
=1

Where A is a change parameter, and all other things are as they are defined above

The tests null hypothesis: Ho: p; = 0, for all i, indicates existences of unit root for all observed

time series 1 over the period t=1, 2... T.

p; =0,fori=1, 2,.... N1

The tests alternative hypothesis: H;: {Pi <0fori=NL1+1,,, N

Alternative hypothesis indicates nonexistence of unit root at least for one i.

To every cross-section of the analyzed time series regression equation (4.7) is used and P-values
for every individual unit root tests estimated and then combined to test panel unit root.

Let A; be the P-values from any individual unit root test for cross-section i. From this, under the
null of unit root for all cross section the asymptotic result can be obtained by using the following

general model:
A= =23, Ind; X3y

Where, A represents the joint test statistics or aggregated P-value of Fisher-type of ADF and PP
test, A; represents the probability values from regular DF panel unit root tests for each individual,
i denotes the cross-section. The joint test statistic above, under the null and the additional
hypothesis of cross-sectional independence of the errors terms v;, in the ADF equation, has a

chi-square distribution with 2N degrees of freedom.

4.5.2 Panel co-integration test

Following the assessment of the order of integration of the variables under investigation using
panel unit root test, panel co-integration analysis is conducted to examine whether the variables
of interest under investigation have long run relationship or not. The concept of co-integration

refers to situations when the time series present co-movement over the long run. From the
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economic point of view, such behavior provides evidence of a stable long-run relationship

between the variables.

It is well known that co-integration of the variables is tested based on the examination of the
residuals of spurious regression or regression with variables that are differenced once (1(1))
(Engle-Granger, 1987). In this case, co-integration or long-run relationship exists when a linear
combination of integrated or 1(1) variables have a lower order of integration. In the same token,
when the variables are difference stationary or 1(1), they might have linear combinations that are
level stationary or 1(0). Statistically, if each time series is integrated of order one and their linear

combination is stationary, we can conclude that the variables are co-integrated.

Consequently, when the variables under investigation are integrated with the integration analysis,
then panel co-integration test will follow to determine whether a long-run equilibrium

relationship exists among the variables of interest.

According to Pesaran and Shin (1999) and Pesaran et al. (2001), in the ARDL technique of
estimation the long- run relationship or co-integration among the variables of interest can be
carried out using bound test of co-integration in time series version of the analysis. In order to

see the bound test of Pesaran et al. (2001), let’s consider the time series version of the ARDL (1,

1) model.

Ve= 00t 01X F 00X 1 F AV 1 F € e et e et et e e e et et e e e e e e e e e e EQU(4.8)
The re-parameterized form of equation 4.7, can be rewritten as

Ay;=8p + 01 A% — (L —A)( Vo1 = QXp1 ) F € o e e ee et e e e et e e e e e e EQUE(4.9)

Therefore, ( y;_, — Qx;_, ) is the error correcting term lagged by one period or ECT;_, and
—(1 —A) is the error correcting parameter which measures the speed of adjustment of the
model. See the full re-parameterization into error-correction from in APPENDIX C in

appendices part of the paper.
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Assuming the maximum lags for the variable to be one, re-parameterized error correction model
in equation (4.9) for more than one explanatory variable can reasonably be generalized of as

follows:

Ay.= 6 + 6y Axqp + 63 Axpp + 63 Axzp + oo+ S A — (1 = A)( Yeo1 — Ly Xqp—q —
QZ th_l - 93 .X3t_1 — Qk xkt—l) + et WEE EEE sEs EEE EEE EES EES EEE ESS SES EES ESE EES EuE Eew wawow ...Equ (4‘.10)

Where, 84, 8,, 85,,,, 8, are coefficients that measures the short —run relationship
Qq, Q5, Q3,,,, Q are coefficients that measure the long-run relationship

Having this, according to Pesaran and Shin (1999) and Pesaran et al. (2001), the long- run
relationship or co-integration among the variables of interest can be carried out via bound test
approach for co-integration. Such a co-integration test can be performed by formulating the

following null hypothesis of no co-integration.

Hy: Q,=Q, =05 =,,,,= Q;,=0 means there is no long-run relationship among the variables of

interest

Hy: Q#Q, #Q 3 #,,, # Qi # 0 means there is a long-run relationship among the variables of

interest

According to Pesaran and Shin (1999) and Pesaran et al. (2001), the presence of a long-run co-
integrating relationship between the variables can be carried out using F-statistics. In order to test
the above hypothesis, the computed F-statistics is compared with the upper and lower bound
critical values since the name of the test is a bound test. The guideline of the test is: - if the
computed F-statistics is higher than the appropriate upper bound of the critical value, the null
hypothesis of no co-integration among the variables can be rejected and the alternative
hypothesis is accepted. But if it is below the appropriate lower bound, the null hypothesis cannot

be rejected, and if it lies within the lower and upper bounds, the result would be inconclusive.

Following this, one can reasonably generalize Pesaran and Shin (1999) and Pesaran et al. (2001)
co-integration test of time series analysis for panel data context. Therefore, let’s consider the

panel-data version of equation (4.10) above.
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Ay; =60 + 81 Bxir + O Axpir + 8;30x3;0 + .+ 8y Axpie — (1 — ) ( Yip-1 —

Qli xll"t_l - in x2i,t—1 - Q3i X3i’t_1 —_ le x,ci’t_l) + ei't Sas wEs san was swE wes wms ommm s owaw Equ (4‘.11)

Given this, a possible generalization of a co-integration test of Pesaran and Shin (1999) and

Pesaran et al. (2001), from time series to panel data can be carried out as follows:

The null hypothesis of no co-integration between the variables under investigation from equation

(4.11) can be formulated as

Hy: Q1;=Q,; =Q3; =,,,= Q4,;=0 means there is no long-run relationship among the variables of

interest

Hy: Qqi#Q 5 #Q 31 #,,, F Q70 means there is a long-run relationship among the variables of

interest

Even though the generalization of the test is possible in this way, the determination of the critical
values in the panel data context is not available in the works of literature. Even if the value of F-
statistics can be computed using Wald-test of long-run coefficients restriction, the critical values
are not available in the panel data context. This divides panel-ARDL techniques of estimation
kinds of literature into three based on their co-integration tests. In other words, since there are no
critical values for the bound test in the panel data context, literature that used panel-ARDL
estimation technique have been grouped into three depending on the way they were carried out
the co-integration tests.

The first group of panel-ARDL studies used standard panel co-integration tests in order to decide
on the long-run relationship between the variables of interest in the model analyzed. Study by
Fuzli and Abbasi (2018) which used Kao (1999) residual-based co-integration test in the analysis
of the validity of Kuznets curve of energy intensity for D-8 countries and Poku, A.F (2016)
which utilized Pedroni residual based panel co-integration test in the analysis of carbon dioxide
emissions, urbanization and population relationship for Sub-Saharan African countries fall in this
group. However, there is some limitation to this method. Basically, the standard panel co-
integration tests were designed for the non-stationary (integrated of order one) variables and

require the variables in the model has to be integrated of order one or | (1). But once the
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variables in the model are found to be fractionally integrated their power of test statistics
becomes low to infer the long-run relationship between the variables and the result is disturbed
due to the inclusion of the stationary or 1(0) variables. If this is the case, in the panel-ARDL
estimation, relying totally on the result of the standard panel co-integration test might not
provide enough evidence for the long-run behavior of the variables under study. This is because
panel-ARDL methodology captures the case that the variables are fractionally integrated which
is not the case in the standard panel co-integration test. This is one of the limitations of the past

studies that depend on the co-integration result of standard panel co-integration test.

The second group used the Wald- test of long-run coefficients restriction in order to infer the
long-run behavior of the variables in the model. The panel-ARDL study by Kutu and Ngalawa
(2016) which used Wald-test of long-run coefficients restriction in the analysis of the dynamics
of industrial production in BRICS countries and Aliha et al (2017) which utilized the same
procedure in the analysis of the relationship between payment technologies and money demand
on the world scale are part of this group. As can be seen above, this method also has limitation.
In this method, the critical values are not available in the panel data context even though F-
statistics can be provided by the test. However, logically, when the test provides a statistically
significant large value of Fisher-test statistics or F-statistics associated with the Wald-test, then
there is a long-run relationship among the variables, meaning that the null hypothesis of no- co-

integration has to be rejected and vice versa.

The third group of panel-ARDL studies used the statistical significance of the long-run
coefficients and error-correction mechanism in order to provide evidence for long-run
relationship/co-integration/ among the variables under study. In the same token, this is the most
widely and easily used method of co-integration because the long-run relationship is easily
ascertained from the statistical significance of the long-run coefficients and error correction
mechanism or speed of adjustment term. The panel-ARDL study by Samargandi, et al (2013),
Saiful et al (2014) and Pesaran et al (1997; 1999) fall in this group.

Given this, the present study ascertained the long-run relationship between the variables using
the three methods used in the past panel-ARDL studies in the literature. This study utilized all of

the methods used for co-integration analysis in the panel-ARDL estimation in the literature in
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order to minimize the limitation of those studies that used only a single method for co-
integration. In addition, using the three types of long-run relationship tests is also to check the
robustness or consistency of the result across different tests. Specifically, due to the limitations
discussed above, the present study used the standard panel co-integration test (Kao (1999)),
Wald- test of long-run coefficients restriction as well as the statistical significance of the error-
correction term coefficient in order to ascertain the long-run relationship among the model

variables.
4521 Kao (1999)-Residual based test

Kao (1999) developed two tests for the null of no co-integration in panel data. He proposes
Dickey-Fuller and Augmented Dickey-Fuller type tests by considering the special case of where
co-integration vectors are homogeneous between individuals, i.e. these tests do not allow for
heterogeneity under the alternative hypothesis. The Kao’s panel co-integration test using Dickey-
Fuller and Augmented Dickey-Fuller type test follow the model highlighted as follows:

Yie = @ + leli,t + ,Bzle-_t +..... + ,kaki,t + €t ver e rrn s s i Equ(412)
T et 4 Bl OSSO v 71 C: 3 1S )
D T NN o1 (Y1 C 3 B 3

Here Kao considers both y;, and x;,as random walk series. Therefore under Kaos no
cointegration null hypothesis, the residual e; , from equation (4.12) should be integrated of order
one (I (1) or non-stationary). According to Kao (1999), the model in equation (4.12) has common
slope coefficients (B) across panel members, varying intercept (a;) across panel members and
fixed effects specification. Given this, both tests (DF and ADF) proposed by Kao is computed

using the estimated residuals from equation (4.12) above.

Therefore, Kao’s DF type test is computed using the following AR (1) process of estimated

residuals:
L | Ny o1 (11 € 35 §<)|

While the Kao’s ADF type test can also be computed using the following equation:
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Where, &; . is the estimated residual from equation (4.12), p is the number of lags in the ADF
specification. These lags should be incorporated to take care of possible autocorrelation
amongv; .,,. Therefore, based on the DF and ADF test statistics computed using equation (4.15)
and (4.16), respectively, Kao’s (1999) co-integration test evaluates whether y; . and x;, are co-

integrated or not. Thus, the null and alternative hypotheses of the test are:
The null hypothesis of the test:

Ho: p =1, indicating the non-existence of co-integrating relationship among y; . andx; .. In other

words, e; ¢ is integrated of order one or | (1).
The alternative hypothesis of the test:

Hi: p < 1, indicating the existence of co-integrating relationship among y;, and x;,. In other

words, e; . is integrated of order zero or 1 (0).
45.3 Panel-ARDL model

Once the order of integration and the long run relationship of the variables are proven, then one
can estimate the appropriate short run and long run parameters by using panel ARDL in the form
of Unrestricted Error Correction model (UECM).

Following Pesaran et al (1999), the present study adopts the following general unrestricted panel

ARDL (p, g) model specification:

yi,t = Z?:l ]/l’] yi,t—j + Zjlzo Al,] xi't_j'*‘ Ui + ei’t frn rea was wes was was mms ses mer ee ree e res owes ses s EQU(4‘17)

Where y is the dependent variable in the model, x is the set of independent variables for each

group, w; is country-specific intercepts, yi,j and 4;; reflect short term country-specific
coefficients, e; . is the error term in each cross-section, i represents the country in the panel and t

represents the time period.
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Taking the variables under investigation such as a log of carbon dioxide emission, total primary
energy consumption, real gross domestic product per capita, population density and urbanization

into consideration, the model above or equation (4.17) becomes:

LCO3, =381 Vij LCOR—j X Aij LTPEC_j + X1_( 8, LRGDPPC;y_j + X1_06; j LPD;¢_;

Where, LCO, LTPEC, LRGDPPC, LPD, and UR, respectively are the natural logarithm of
carbon dioxide emissions, total primary energy consumption, real gross domestic product per

capita, population density and urbanization for each group. The coefficients y;;, 4;;, &

Ljr Pij

6;; and o, ;, respectively are the short-run elasticities and all other things are defined earlier.

Once the variables (LCO,, LTPEC, LRGDPPC, LPD, and UR) are proved to be co-integrated,
then there exists long-run relationship and they move together over time. In this case, the co-
integration regression based on the variables that trend or moves together, convey a long-term
equilibrium relationship. However, in the short-run, there may be disequilibrium and the residual
of the co-integration regression can be treated as the equilibrium error. To this end, the above
ARDL (p, g) model is re-parameterized into the error correction model as follows. The detailed
proof of re-parameterization is available in APPENDIX D in appendices part of the paper.
ALCO,; = Y021 ¥y ALCOy—j  +X90 4 ALTPEC,,_; + X920 8;;ALRGDPPC;,_;  +
Y00 @i ALPD; e + 217003 ;AURy e j + @i[LCOs¢—y — Oy;LTPEC;_; - 6, LRGDPPCyy_y -
03iLPD; ;1 - O4UR ;1 = Boi] F €1 p wer vev von s ces oee sre et eee eee wen s o e e e eee o EQU(4.19)

Where,LCOy;(, LTPEC; . ,LRGDPPC;, LPD; , and UR; .respectively are the natural logarithm of
carbon dioxide emissions, total primary energy consumption, real gross domestic product per
capita and population density and urbanization rate for country i at time t. The term in the square
brackets contains the long-run regression. e; . is the cross-section specific error terms or error
terms in each cross section. The coefficients 6;, 8,;, 65;and 6,;, respectively capture the long-
term relationship between the variables while the coefficients of the differenced
variablesy; j, A; j 8;j, a;;, 0;; capture the short run relationship. ¢; = —(1 — pi), is an error
correcting term. This term tells the speed of adjustment coefficient which shows the speed at
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which the variables (LCO,,LTPEC,LRGDPPC,LPD and UR) come back to the long-run
equilibrium, once they are out of their equilibrium relationship or they found at any
disequilibrium. The coefficient of error correcting term is expected to be statistically significant
and have a negative sign. A statistically significant and negative error correcting term coefficient
proves that there IS evidence of a long run relationship
between LCO,, LTPEC ,LRGDPPC,LPD and UR. In other words, once these conditions are

fulfilled, there is also evidence of co-integration between the variables under investigation.

On the other hand, a positive coefficient of the error correcting term shows an opportunity that
the variables under investigation may not come back to its long-run equilibrium relationship or
the variables are not co-integrated. Further, the larger value of error correcting term coefficient
indicates that the response of the variables to the previous period deviation from the long run

equilibrium or from any disequilibrium is stronger and faster and vice versa.

4.5.4 Optimal Lags Selection

Before going to estimate the model, the appropriate lag order should be selected for the model
specified above. Optimal Lag order selection in the panel ARDL model can be performed with
different methods such as Akaike Information Criteria (AIC) and Schwarz-Bayesian Information
Criteria (SBIC). Therefore, in order to choose the optimal lags for the model variables, an
automatic grid search based on the minimization of Schwarz-Bayesian Information Criteria was

conducted.

455 Alternative Estimation Methods

Once the optimal lags for the variables are specified, then one can estimate the model specified
above. There are various methods to estimate the above re-parameterized Panel ARDL (p, q, q,
g, ) model. These include the mean group (MG), pooled mean group (PMG) and dynamic fixed
effects (DFE) estimation method. Therefore, equation (4.19) can be estimated using these three
different estimators: namely the mean group (MG) model of Pesaran and Smith (1995), the
pooled mean group (PMG) estimator developed by Pesaran et al. (1999), and the dynamic fixed

effects estimator (DFE). According to Demetriades and Law (2006), all three estimators consider
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the long-run equilibrium and the heterogeneity of the dynamic adjustment process and are

computed by maximum likelihood.

455.1 Mean Group (MG) Estimator

On one extreme, the less restrictive estimator is the mean group estimator which was first
proposed by Pesaran and Smith (1995). Its main characteristics are: - First, mean group estimator
does not impose any restriction on the model's slope parameters. Thus, it is the least restrictive of
all the three estimators of panel ARDL modeling framework. Both the short and long-run
parameters are allowed to be varying or differ across the country in the panel. The long-run slope
coefficients and the short-run slope coefficients, intercepts, the error correcting term or the speed
of adjustment to the long run equilibrium state and the error variances are assumed to be
heterogeneous to the country to country in the panel. Second, of particular interest of the mean
group estimator is the mean of the estimates, because it produces consistent estimates of the
average of the parameters (calculates the coefficient mean) by averaging the data. This means
mean group estimator estimate group-specific regression or regression for each country in the
panel and after that calculates the coefficients as un-weighted means of the estimated coefficients
for the individual countries. In the same token, in this estimator, the model is fitted for each
group/country in the panel separately and the coefficients are averaged. However, according to
Pearan et al (1997), mean group estimator does not capture the fact that some/ certain parameters

might be the same or homogeneous across cross-section/country/group.

455.2  Pooled Mean Group (PMG) Estimator

The pooled mean group estimator was first introduced by Pesaran, Shin, and Smith (1999). The
main characteristics of this estimator are: First, pooled mean group estimator is found in the
middle of dynamic fixed effects and mean group estimators. In other words, pooled mean group
estimator is an intermediate estimator between dynamic fixed effect and mean group estimators.
Second, it is an intermediate estimator because it involves both pooling (dynamic fixed effects)
and averaging (mean group). The pooled mean group estimator constrains the long- run slope
coefficients to be homogenous across countries in the panel. Third, it however, allows the
intercepts, short-run coefficients, and error variances to be varying or differ freely across groups

in the panel. In other words, this estimator assumes country-specific short-run parameter that
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includes intercepts, the error correction terms to the long run equilibrium states and the error
variances. Finally, this estimator provides consistent estimates of the mean of short-run

coefficients by taking the simple average of the group/country specific coefficients.
4553 Dynamic Fixed Effects (DFE) estimator

On the other extreme of the mean group estimator, the most restrictive estimator among the three
is the dynamic fixed effects estimator. Similar to the pooled mean group or contrary to mean
group estimators, dynamic fixed effects estimator constrains the long-run slope coefficients to be
homogenous or the same across cross section/group/country. But, contrary to both mean group
and pooled mean group estimators, this estimator further restricts the short-run slope coefficients,
the error correcting term/speed of adjustment to the long run equilibrium state and error variance
to be homogenous across cross section/group/country. Thus, this estimator allows only the

intercept term to vary across cross section/group/country.

4.5.6 Selection among the three estimators

Once the model in equation (4.19) is estimated using the three alternative estimators, namely,
mean group (MG), dynamic fixed effects (DFE) and pooled mean group (PMG) estimators,
Hausman (1978) test is employed to test the efficiency of these estimators and to select among
them. The efficiency test is performed to test the null hypothesis of slope homogeneity
restriction. In this case, the estimators that impose homogenous slope coefficients across cross
section/group/country outperform or dominate the estimator that imposes slope heterogeneity in
terms of efficiency if and only if their assumption of slope homogeneity restriction is valid.
Unless the restriction is valid, the estimators that restrict the slope coefficients are inconsistent. If
the long-run homogeneity restriction is proved to hold, the pooled mean group estimator yields
consistent and more efficient estimates compared to mean group estimator which imposes slope
heterogeneity in both short and long-run. However, if the test proves that the long- run slope
homogeneity restriction is not valid, the pooled mean group estimator becomes inconsistent,

indicating the mean group estimator that assumes slope heterogeneity is consistent.

Generally, the mean group (MG) estimator produces consistent estimates of the mean of the long

run coefficients, but its estimates will be inefficient when the slope homogeneity holds. Under
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the assumption of long-run slope homogeneity, the pooled mean group estimator produces

consistent and efficient estimates of the model.
The test procedure is as follows:
First, formulate the hypothesis of the test.

The null hypothesis is: Hy= MG=PMG, indicates the MG and PMG estimator are not

significantly different. This implies the PMG estimates are more efficient.
The alternative hypothesis is: H;= MG # PMG, this indicates the null is not true.

Second, perform the Hausman (1978) and obtain the probability value. Third, compare the
probability value obtained from the second step with 5 % percent level of significance or the
conventional level of significance. The guideline is:

Use pooled mean group estimator when the probability value (P-value) from Hausman (1978)
test is greater than the conventional level of significance (5 %). If P-value > 0.05, pooled mean
group estimates are consistent and more efficient than mean group estimates. In other words, if

this condition holds, the null hypothesis of slope homogeneity cannot be rejected.

Use mean group estimator when the probability value (P-value) from Hausman (1978) test is less
than the conventional level of significance (5%). If P-value < 0.05, mean group estimates are
consistent and more efficient than pooled mean group estimates. In other words, if this condition
holds, the null hypothesis of slope homogeneity can be rejected.

The same procedure can be performed in order to test between mean group (MG) and dynamic
fixed effects (DFE) estimators. The null is the same because it also states the slope homogeneity
assumption. If the slope homogeneity assumption holds, dynamic fixed effect (DEF) estimates
are consistent and more efficient than mean group (MG) estimator. However, if the null of slope
homogeneity does not hold, mean group (MG) estimator outperforms the dynamic fixed effect
(DFE) estimator.

Generally, under the alternative hypothesis of the Hausman (1978) test, the estimators that

impose slope homogeneity assumption are inconsistent and mean group (MG) estimator
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outperforms both pooled mean group (PMG) and dynamic fixed effects (DFE) estimator.
However, under the null of slope homogeneity, both pooled mean group (PMG) and dynamic

fixed effects (DFE) estimators outperform mean group (MG) estimator.

However, the question here is whether the Hausman (1978) test can be applied to compare the
pooled mean group (PMG) and the dynamic fixed effects (DFE) estimators in which both impose
the long-run slope homogeneity restriction. Once the Hausman (1978) test conducted confirms
the pooled mean group (PMG) and dynamic fixed effects (DFE) estimators are both efficient and
preferred to the MG estimator, this leads to the question of comparison between pooled mean
group (PMG) and dynamic fixed effects (DFE) estimators. However, according to Pesaran et
al(1997, 1999), pooled mean group (PMG) estimator is advantageous than dynamic fixed effects
(DFE) estimator in that it provides country-specific short-run dynamic slope coefficients, while
the long-run slope coefficients are the same for all country as in the case of (DFE). In other
words, pooled mean group (PMG) estimator is more advantageous than dynamic fixed effects
(DFE) in its flexibility in the short run coefficients across cross section/group/country. However,
dynamic fixed effects (DFE) produce the estimates of the panel ARDL techniques by assuming
the data in the multiple countries is pooled as a single entity or country. This implies each of the
regressors in the model has a common slope coefficient both in the short and long run. Thus, the
assumption of common short-run slope coefficients among the countries in the sample is less
compelling with the evidence of the rate of growth of technology as well as economic activity

varied across countries.

Following this argument, some articles conducted previously did not utilized a Hausman test to
compare between pooled mean group (PMG) and dynamic fixed effects (DFE) estimators. These
papers include Pesaran, Shin, and Smith (1997, 1999), that provide two empirical applications:
aggregate consumption functions for 24 Organization for Economic Cooperation and
Development(OECD) countries over the period 1962-1993, and energy demand functions for 10
Asian developing countries over the period 1974-1990. These two examples of empirical
application in their article introduced the pooled mean group (PMG) estimator, neither of them
by performing a Hausman test of the pooled mean group (PMG) versus dynamic fixed effects
(DFE). Their arguments for this is, pooled mean group (PMG) estimator is more advantageous

than dynamic fixed effects (DFE) in its flexibility in the short run coefficients across cross
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section/group/country. In other words, the most important advantage of the PMG over the
traditional DFE model is that it can allow the short-run dynamic coefficients to differ from

country to country.

Further, from the statistical intuition, the pooled mean group (PMG) estimator produces more
precise estimates of long-run coefficients than dynamic fixed effects (DFE) estimator, because
pooled mean group (PMG) estimators provide substantially smaller standard errors of the long

run coefficients compared to dynamic fixed effects (DFE) estimator (Pesaran et al, 1997; 1999).

Accordingly, given the intuitions provided by the pooled mean group (PMG) estimator, the
pooled mean group (PMG) estimator is preferred over dynamic fixed effects (DFE) estimator in
the present study analytical framework. Such preference is basically the homogeneity assumption
in the long-run might be linked with the remote objective of the countries under study to reduce
the level of anthropogenic emissions of carbon dioxide via adopting the common technologies
that alters the growth of carbon dioxide in the atmosphere, including promotion/adoption/ of
environmentally friendly growth policy and also clean energy alternatives such as hydro, solar
and wind. But in the short-run, the assumption of common short-run slope coefficients among
the countries in the sample is less compelling with the evidence of the rate of growth of
technology as well as economic activity, rate of adopting the common technology varied across
countries. Given this, the present study conducted Hausman (1978) test to confirm the long-run
homogeneity assumption, but not to compare between pooled mean group (PMG) and dynamic
fixed effects (DFE) estimators.

4.5.7 Validity, Efficiency, Consistency issue and Diagnostic tests of panel-ARDL

There are a number of issues that should be satisfied for the validity, consistency, and efficiency

of the estimates from the panel ARDL technique. These include:

e The time dimension of the cross-section (T): the estimates of the panel ARDL technique
to be valid, consistent and efficient, the time dimension (T) has to be long enough in
order to estimate the model for each cross section/country separately. To satisfy this
condition the present study accounts the only countries at least 29 consecutive

observations are available.
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Co-integration among the model variables: the existence of the long-run equilibrium
relationship or co-integration among the model variables needs the coefficient on the
error correction term should be statistically significant and have a negative sign, and
further should not be lower than -2.

Serial correlation among the error terms and exogenity of the regressors: the estimates of
the panel ARDL technique to be valid, consistent and efficient, the residuals resulted
from the panel error correction model should be serially uncorrelated and the regressors
should also be exogenous. This condition can be satisfied by augmenting the model with
the appropriate lag length or can be fulfilled by including the ARDL (p, q, g, g, q) for
carbon emissions, total primary energy consumption, real gross domestic product per
capita, population density and urbanization, respectively in the error correction form. To
this end, the present study augmented the panel ARDL model by selecting appropriate
optimal lags using (SBIC). This study also conducts some of the diagnostic tests
regarding the selected panel ARDL (p, q, g, g, g). However, such diagnostic tests were
conducted not in panel level, but in the country level. In fact, none of the articles that the
researcher comes across perform diagnostic tests for the panel ARDL estimation, except
Pesaran et al (1997; 1999) and Anne, K. F (2013), which conducted country-specific
diagnostic tests for the selected panel ARDL model before going to the estimation of the
model and compare the result among the countries in the sample. Therefore, following
studies, the present study conducted diagnostic tests for the selected panel ARDL model
to ensure that the panel is fine and no misspecification.

Cross-sectional dependence: the estimator of the panel ARDL technique assumes the
cross-sectional independence of the residual (e;¢) resulting from the regression model.
In the panel data setting the cross-sectional dependence to arise from omitted common
effects which simultaneously affect all the groups in the panel. Such cross-sectional
dependence affects the ARDL estimations and results in misspecifications. However,
Pesaran et, al (1997; 1999) provide alternative measures to eliminate such common
factors that affect the estimation result and causes misspecification of the model. These
measures include: First, include the cross-sectional averages of the included explanatory
variables as additional regressors in the model. Second, use all of the variables as

deviations from their respective cross-sectional means in each period. Therefore, to this
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end, the present study utilized the second procedure to eliminate the common factors. In
order to confirm that the common factor that affects the panel simultaneously and causes
misspecification is eliminated using demeaned data, the present study conducted the
cross-sectional dependence tests for the residuals obtained from the model estimated.

4.5.8 Causality test

A Granger causality test is made to the selected Panel-ARDL (1, 1, 1, 1, 1) model to identify the
direction of causality between the dependent variable (carbon dioxide emission) and the
independent variables (total primary energy consumption, real per capita GDP, population
density and urbanization). That is a pairwise Granger causality test is applied to the selected
model to know the direction of causality of carbon dioxide emission with the model explanatory

variables listed above.
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CHAPTER FIVE
EMPIRICAL RESULTS AND DISCUSSIONS

5.1 Introduction

This chapter is devoted to the results and analysis and discussion of the data. It presents the
correlation, multi-col-linearity, stationarity and co-integration properties (or nature) of the
variables under investigation. In addition, the chapter presents the long- run and short-run
estimates of the alternative estimators. Further, it presents the Hausman (1978) test result which
IS used to select consistent and efficient estimators to be interpreted and discussed. Finally,
diagnostic tests are also discussed.

5.2 Multi-col-linearity issue of the data

In order to test whether the data exhibits the multi-col-linearity problem, the study utilized the
correlation matrix and variance inflation factor among explanatory variables of the model. Multi-
col-linearity is a state of very high inter-correlations or inter-associations among the independent
variables. If high inter-correlation exists in the independent variables of the estimated model, the
result may be individually unstable and insignificant but jointly significant. Give this; the present
study employed two methods that detect the presence of multi-col-linearity in the data. In this
study, the multi-col-linearity test is conducted both by country and panel in order to compare the
behavior of the data by country as well as panel level. Such comparison is helpful to discuss the
advantage of panel data analysis over simple time series data analysis. One advantage of panel
data is related to col-linearity issue among the independent variables. In this context panel data is

advantageous by making the data less col-linear (Marques et al, 2010).

According to Goldberger (1991), multi-col-linearity is basically a problem of the absence of
enough data points. Hence, the use of panel data increases the total number of observation or
eliminates the problem of not enough data and reduces the disturbance power of multi-col-
linearity. If this is the case, the multi-col-linearity is not a serious problem in the panel data
analysis and it can be disregarded (Gujarati, 2009). According to Marques et al (2010), panel
data allows greater variability in the data, less col-linearity among the variables, a larger degree

of freedom, and provides more information and efficiency in the estimates. Given this, if a
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different country time series data form a time series of cross-section (panel data), the multi-col-
linearity among the variables become less and not that much a problem, despite it might be a
problem or not by country due to a shortage of data or other factors. Therefore, the results of
both country-specific and panel level multi-col-linearity tests are reported in Table 5.1 and 5.2 in
APPENDIX E.

As it can be observed from Table 5.1 and 5.2 in APPENDIX E, the result of the multi-co-
linearity test confirmed the argument above that panel data provide less col-linearity in the data.
The country-specific multi-col-linearity test result provides mixed evidence. The result shows
that multi-col-linearity in the data is not problematic in Burundi, Comoros, Ethiopia, Malawi,
Rwanda, Zambia and Zimbabwe case. However, in the remaining seven countries it is found to
be problematic. To be noted multi-col-linearity in the data is more problematic in Tanzania
followed by Uganda. This is might be due to the argument that insufficient data points results in
high col-linearity since both Tanzania and Uganda in that order have the shortest data points

compared to other countries under consideration.

Panel multi-col-linearity test results in Table 5.2 confirmed multi-col-linearity is not problematic
in the data. Accordingly, there is no exact linear combination of one another among total primary
energy consumption, real gross domestic product per capita, population density and urbanization
in the time series of the cross-section (or panel data). From this, one can understand that panel
data are more advantageous than simple time series data because it allows less col-linearity in the
data.

5.3 Panel unit root test results

As clearly pointed out under methodology, particularly under estimation procedure part in
Chapter 4, the first step is to ascertain the stationarity properties of the variables in the model in

order to avoid the problem of spurious regression and inappropriate estimation and inference.

The present study, tests for unit root to see whether the model variables are integrated of order
two or I (2) because panel ARDL specification doesn’t require unit root pre-testing of the
variables since it can be estimated regardless of whether the model variables are I (0) or I (1) or

fractionally integrated. Therefore, to determine this condition, panel unit root examined using
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standard panel unit root tests that can handle unbalanced panel data. The panel unit root tests that
can accommodate unbalanced panel including Im, Pesaran, and Shin (2003), which is
abbreviated as IPS test, and the two Fisher- type tests such as Fisher-ADF and Fisher-PP tests are
employed. For all these tests, the null hypothesis is that there is a unit root or the variable is non-

stationary and the alternative hypothesis is that there is no unit root or the variable is stationary.

Accepting or rejecting the null hypothesis depends on P values. When the P-Value is smaller
than the standard significance levels 1%, 5%, and 10%, we reject the null hypothesis. In order to
standardize the test for unit root and co-integration, the present study assumes that the test
regressions contain only intercept because Kao (1999) panel co-integration test only assume an
intercept in the regression. In other words, to make the result of panel unit root and co-
integration tests consistent by assumption, the model assume only intercept in all the three-panel
unit root as well as co-integration tests, the reason of which is because Kao (1999) panel co-
integration test captures the equation with the only intercept. Further, the numbers of lags are

selected automatically using the Schwarz Bayesian information criterion (SBIC).

Accordingly, panel unit root tests are utilized in order to analyze the stationarity properties of the
variables under investigation even though the panel ARDL model doesn’t require pre-testing of
the variables for stationarity. Unit root test that presents the order of integration of the variables

under investigation is highlighted in table 5.3 below

Table 5.3 reports the results of panel unit root tests of the variables under consideration. As can
be observed from the IPS unit root test in the first column of the table, all the variables in the
model are stationary at a 1% level of significance. Further, urban population growth or
urbanization is found to be stationary at a level in at 1% level of significance. Therefore, the
results of the IPS panel unit root test confirmed that none of the variables are stationary in the
second difference or | (2).

Similarly, the Fisher-ADF and PP tests indicate that none of the variables under investigation are
integrated of order two (see column two and three of the table). Similar to IPS test results,
Fisher-ADF and Fisher-PP type of panel unit root test results indicate carbon dioxide emissions,
real gross domestic product per capita and total primary energy consumption are stationary at

their first difference at 1% level of significance. However, unlike IPS tests result, the results
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from Fisher-ADF and Fisher-PP tests show population density is stationary at level. Further,

urbanization also found to be level stationary series.

Table.5.3. Panel unit root tests result of the model variables

Variables IPS, Fisher-ADF and Fisher-PP tests

IPS Fisher-ADF Fisher-PP

Statistics P-value Statistics P-value

Statistics P-value

LCO; 2.95672 0.9984 28.9927 0.4129 6.30139 1.0000
D(LCO,) -15.6331*** 0.0000 255.316*** 0.0000 307.230*** | 0.0000
LTPEC 4.23610 1.0000 19.9024 0.8680 30.1730 0.3550
D(LTPEC) -20.1760*** 0.0000 332.213*** 0.0000 398.067*** | 0.0000
LRGDPPC 4.91395 1.0000 18.6252 0.9556 14.2790 0.9851
D(LRGDPPC) -13.3625*** 0.0000 215.976*** 0.0000 229.293*** | 0.0000
LPD 3.47719 0.9997 38.5459* 0.0538 85.2728*** | 0.0000
D(LPD) -8.77554*** 0.0000 152.093*** 0.0000 87.7579*** | 0.0000
UR -2.80313*** 0.0025 58.9005*** 0.0006 55.1750*** | 0.0016
D(UR) -17.2477%** 0.0000 267.631*** 0.0000 253.689*** | 0.0000

Note: *** ** and * indicate the rejection of a null hypothesis of non-stationary at 1%, 5% and 10% level of
significance, respectively. All unit root tests are conducted with intercept. P-values are listed in the open bracket.
Automatic lag length selection is based on SBIC (Schwarz Bayesian information criteria). LCO2, LTPEC,
LRGDPPC, LPD and UR are natural logarithm of carbon emissions proxied by carbon dioxide emissions from fossil
fuel, total primary energy consumption, real gross domestic product per capita, population density and urbanization
proxied by annual urban population growth, respectively whereas D(LCO2), D(LTPEC), D(LRGDPPC), D(LPD)
and D(UR) indicates their first difference.

Source: Own Estimation using Eviews 9.0

From Table 5.3, one can conclude that none of the variables are 1(2), which is a precondition for
applying the panel-ARDL model. In other words, all the three tests revealed that the model has
variables that are fractionally integrated or are 1(1) or 1(0), none of the variables are found to be
integrated of order two. Therefore, this condition makes the panel-ARDL model the appropriate to

conduct long-run relationship analysis among variables under investigation.
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5.4 Panel co-integration test results

Once the stationarity properties of the variables under investigation are ascertained or checked,
one can proceed to test the long-run relationship or co-integration among the variables under
investigation using standard panel co-integration tests and Wald-test of long-run coefficients
restriction. In addition to these, the long-run relationship can also be ascertained using the
statistical significance of the error-correction term as it clearly discussed in the methodology part
of the paper. Therefore, the Kao (1999) residual-based co-integration test result of the variables
is reported in Table 5.4 below whereas Wald- test is performed after the lags order of the
variables under investigation is specified. This is because it requires the estimation of the model
using the length of the optimal lags. Table.5.4 reports the Kao (1999) panel co-integration tests

result.

Table.5.4: Kao (1999) panel co-integration test result of the model variables

Kao (1999) co-integration test

Model ADF t-statistic P-values

LCO, LTPEC, LRGDPPC, LPD, UR -3.506663 0.0002***

Note: *** indicates the rejection of a null hypothesis of no-co-integration at a 1% level of significance. Null
hypothesis: No co-integration. Trend assumption: no deterministic trend. Automatic lag length selection is based on
SBIC (Schwarz Bayesian information criteria).

Source: Own Estimation using Eviews 9.0

The null hypothesis of the test claims there is no long-run relationship between the variables
under investigation, while the alternative is the opposite. As can be observed from the table, the
P-value of the test is found to highly statistically significant (1% level of significance).
Accordingly, the null hypothesis of no long-run relationship among the variables under study is
rejected. Therefore, the existence of a long-run relationship between the variables such as
carbon dioxide emission, total primary energy consumption, real gross domestic product per

capita, population density, and urbanization is confirmed.

5.5 Optimal lags selection

In order to select the length of the optimal lags for the variables under investigation in the panel-
ARDL model, the present study utilized Schwarz Bayesian information criteria (SBIC).
According to Pesaran and shin (1999), for the annual data, a maximum of two lags length is

recommended to choose the optimal lag for each variable under consideration. Therefore, a
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maximum of two lag lengths is chosen for the conditional panel-ARDL model and finally SBIC
automatically selects the optimal lag length of each variable such as LCO,, LTPEC, LRGPPPC,
LPD, and UR, respectively to be 1 and the model becomes a Panel-ARDL (1, 1, 1, 1, 1). This
automatic determination of the lag length for the variables is to get the valid results and

inferences.

5.5.1 Measuring the strength of the model selected

This study utilized the criteria graph, in order to see the strength of the model selected using the
standard model selection criteria. The determination of the strength of the model selected is
based on the benchmark analysis: the lower the value of the standard model selection criteria, the
better/stronger the model selected. Therefore, the strength of the selected model is highlighted in
Figure 5.1. As can be observed from the figure, the first panel-ARDL (1, 1, 1, 1, 1) model is
stronger than other three panel-ARDL models and strongly preferred than those three because
the associated value of the SBIC is the lowest or the most negative compared to the remaining
three models in the graph. However, the second top model is panel-ARDL (2, 1, 1, 1, 1)

according to the criteria graph.

Figure 5.1: Optimal lag length for the variables using SBIC with a maximum of two lags
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Further, when the recommendation of the Pesaran and Shin(1999) is relaxed and 4 lags are
imposed for each variable in the conditional panel-ARDL model, SBIC automatically provides a
similar or consistent result with the case of Pesaran and Shin(1999) recommendation of two lags(
see figure 5.2). However, in this case, the number of top models to compare increased to 16, but
in the first case, SBIC compares only 4 top models. Similar to the top 4 models case, in the top
16 models case the value of SBIC is the lowest or the most negative value is accounted with the
panel-ARDL (1, 1, 1, 1, 1) model. Therefore, the present study utilized panel-ARDL (1, 1, 1, 1,
1) model for LCO,, LTPEC, LRGDPPC, LPD, and UR, respectively in order to estimate the

dynamic long run and short-run relationship between the variables under investigation.

Figure 5.2: Optimal lag length for each variable using SBIC with a maximum of four lags
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5.6 Panel ARDL (1,1, 1, 1, 1) Estimation Results

After determination of the optimal lags length for each variable under investigation, the next
most important is estimating the dynamic long-run and short-run coefficients of the panel-ARDL
(1, 1, 1, 1, 1) model by utilizing the three alternative panel-ARDL estimators such as Mean
Group (MG), Pooled Mean Group (PMG) and Dynamic Fixed Effects (DFE) estimators. This
step involves the estimation of the slope coefficients (both the short and long—run) of the model.

The estimation results are reported in Table 5.5:

Table 5.5: Panel-ARDL dynamic regression for the short and long run estimates
Table 5.5a Mean Group (MG) estimation result

Dependent variable: D(LCO5)
Method: Panel-ARDL
Model selection criteria: SBIC
Selected model: Panel-ARDL (1,1,1,1,1)
Estimator: Mean Group (MG)

Variable Coefficient Standard error t-statistics P-values

Long-run coefficients

LTPEC 4831768 .2785706 1.73 0.083*
LRGDPPC .501873 4677176 1.07 0.283
LPD 2.411013 1.919297 1.26 0.209
UR -.4182131 5128944 -0.82 0.415

Short-run coefficients

D(LTPEC) 1062986 0624658 1.70 0.089*
D(LRGDPPC) 2568709 1169398 2.20 0.028**
D(LPD) -8.159993 10.50575 -0.78 0.437
D(UR) -.0116549 0136908 -0.85 0.395
ECT. -4516984 0600514 752 0.0000%**
C 3749508 2189243 171 0.087*

Note: *** **and * indicate the rejection of a null hypothesis of statistical insignificance of the coefficients at 1%,
5% and 10% level of significance.
Source: Own Estimation using STATA 13.0
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Table 5.5b Pooled Mean Group (PMG) estimation result

Dependent variable: D(LCO,)
Method: Panel-ARDL
Model selection criteria: SBIC
Selected model: Panel-ARDL (1,1,1,1,1)
Estimator: Pooled Mean Group (PMG)

Variable Coefficient Standard error t-statistics P-values

Long-run coefficients

LTPEC .9209388 .0868187 10.61 0.000***
LRGDPPC .3548048 1207925 2.94 0.003***
LPD 2377611 .1260457 1.89 0.059*

UR 1137519 .0255648 4.45 0.000***

Short-run coefficients

D(LTPEC) 2100188 0777958 2.70 0.007%**
D(LRGDPPC) 2247178 1003338 2.24 0.025%*
D(LPD) 1658011 2.459899 0.07 0.946
D(UR) -.0285118 0172671 -1.65 0.099%
ECT. 2588951 10630549 411 0.000%**
C 0190305 0670121 0.28 0.776

Log Likelihood = 468.8953

Note: *** ** and * indicate the rejection of a null hypothesis of statistical insignificance of the coefficients at 1%,
5% and 10% level of significance.
Source: Own Estimation using Eviews 9.0 and STATA 13.0
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Table 5.5¢ Dynamic Fixed Effects (DFE) estimation result

Dependent variable: D(LCO;,)
Method: Panel-ARDL
Model selection criteria: SBIC
Selected model: Panel-ARDL (1,1,1,1,1)
Estimator: Dynamic Fixed Effects (DFE)

Variable Coefficient Standard error t-statistics P-values

Long-run coefficients

LTPEC 3772277 1422541 2.65 0.008***
LRGDPPC .707031 2154947 3.28 0.001***
LPD .9719006 2181754 4.45 0.000***
UR .0626274 .0249763 2.51 0.012**

Short-run coefficients

D(LTPEC) 2149785 0346679 6.20 0.000%**
D(RGDPPC) 1374759 0991644 1.39 0.166
D(LPD) - 171747 3034627 -0.57 0571
D(UR) 10045939 10060668 0.76 0.449
ECT. -1492751 0220895 -6.76 0.000%**
C 10229529 10093656 2.45 0.014**

Note: *** and ** indicate the rejection of a null hypothesis of statistical insignificance of the coefficients at 1% and
5% level of significance.
Source: Own Estimation using STATA 13.0

The tables 5.5a, 5.5b and 5.5¢ provide three alternative estimates obtained from Mean Group
(MG) which impose any restriction in both short-run and long-run coefficients, Pooled Mean
Group (PMG) which impose common long-run coefficients but allows the short-run coefficients
including the speed of adjustment to the long-run state of equilibrium to vary or be
heterogeneous across the cross-section under consideration and Dynamic Fixed Effects (DFE)
which impose restrictions in all slope coefficients (both the short-run and long-run) and also the

speed of adjustment term, respectively.

The long-run coefficients: as can be seen from the three alternative estimator’s results, the
coefficients exhibit different statistical significances. From table 5.5a, mean group (MG)

provides the least insight on the long-coefficients or determinants of carbon dioxide emissions
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compared to pooled mean group (PMG) and dynamic fixed effects (DFE) estimators. This is
observed from its long-run coefficients, the result of which show that all of the long-run
coefficients are statistically insignificant at 5% level of significance. However, the coefficient of
total primary energy consumption is statistically significant at 10% level and its sign is in line
with the study’s expectation which is positive. Form MG long-run estimates, the coefficients of
population density and real gross domestic product per capita are statistically insignificant. On
the other hand, from pooled mean group (PMG) estimation results (Table 5.5b), three of the four
long-run coefficients are statistically significant at 1% level of significance. These are the
coefficients of total primary energy consumption, real gross domestic product per capita and
urbanization. The other coefficient, the coefficient of population density is statistically

significant at 10 % level of significance.

Generally, the long-run coefficients of the pooled mean group (PMG) estimator are statistically
significant and also their sign exhibits the study’s expectation. From the dynamic fixed effects
(DFE) estimation results (Table 5.5c), one can observe that all of the long-run coefficients are
statistically significant at 1% level of significance except urbanization which is statistically
significant at 5% level of significance. The signs of the coefficients are also in line with the signs

of the PMG long-run coefficients and also the study’s expectation.

The short-run coefficients: going back to the short-run coefficients of the three alternative
estimators, coefficients still exhibit different statistical significances as well as signs. The results
of mean group (MG) estimation shows two of the four short-run coefficients; that is, the
coefficient of total primary energy consumption is statistically significant at 10% level and the
coefficient of the log of real gross domestic product per capita is statistically significant at 5%
level. These coefficients also fulfill the study’s expectation in their signs. However, the
coefficients of population density and urbanization are statistically insignificant.

On the other hand, from the pooled mean group (PMG) estimation results, all the short-run
coefficients of the variables are statistically significant except for the coefficient of population
density. Among these coefficients, the coefficients of total primary energy consumption and real
gross domestic product per capita are statistically significant at 5% level and also exhibit the
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study’s expected sign, and the coefficient of urbanization is statistically significant at 10% level

but failed to exhibits the expected sign of the study.

The result from the dynamic fixed effects (DFE) estimation indicates that all the short-run
coefficients are statistically insignificant except for the coefficient of the total primary energy
consumption but its sign in line with the study’s expectation. The short-run coefficients of the
real gross domestic product per capita and urbanization exhibits the study’s expected sign,

despite they are insignificant statistically.

Error-correction term: as it can be observed from the results of the three alternative panel-
ARDL model estimators, the error-correction term is highly statistically significant at 1% level
of significance. The sign of the coefficients of the error-correction/speed of adjustment/ term is
also in line with the study’s expectation. According to Pesaran et al (1999), the existence of the
long-run relationship between the variables under consideration can be inferred from the
statistically significant negative error-correction/speed of adjustment/ term coefficient. In other
words, the error-correction term has to be negative and greater than negative two (-2) for the

confirmation of the long-run relationship.

In the present study, the coefficient of the error-correction term is negative and greater than -2
and also statistically significant at 1% level of significance in all of the three alternative
estimators of the panel-ARDL (1, 1, 1, 1, 1) model. Therefore, the estimates or the coefficients of
the error correction term rejects the null hypothesis of no long-run relationship among carbon
dioxide emissions, total primary energy consumption, real gross domestic product per capita,
population density and urbanization. This conclusion confirms the result of the standard panel
co-integration (Kao (1999) test above, which suggested the long-run relationship among the

variables under investigation.

5.7 Hausman test

In this study, the Hausman (1978) test is utilized in order to test the null-hypothesis of slope
homogeneity. As pointed out in the methodology part of the study, the mean group (MG)
estimator is not imposes restriction in both the short-run and long-run coefficients. In this case,

both the short and long-run coefficients, as well as the speed of adjustment to the long-run state
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of equilibrium, are heterogeneous among the cross-section under consideration. While pooled
mean group (PMG) estimator imposes common long-run coefficients and allows the short-run
coefficients including the speed of adjustment to the long-run state of equilibrium to vary or be
heterogeneous across the cross-section under consideration. Further, the more restrictive
estimator, dynamic fixed effects (DFE) imposes restrictions in all slope coefficients (both the
short-run and long-run) and also the speed of adjustment term. This estimator constrains the
long-run coefficients to be the same across the cross-section under consideration which is in line
with PMG estimator. But contrary to PMG estimator, DFE restricts the short-run coefficients as
well as the speed of adjustment to be the same across cross-section under study. The PMG
estimator constrains the long-run coefficients to be the same across all cross-sections and
provides consistent and efficient estimates when the restrictions are true. Once the true estimator
is heterogeneous (MG), then the PMG result is inconsistent but MG estimator provides a
consistent result. The same is true for MG and DFE. The present study used the Hausman (1978)
test in order to test the difference among the model estimators (MG vs PMG and MG vs DFE).

This study didn’t conduct the Hausman (1978) test to compare the PMG and DFE because PMG
estimator is advantageous compared to DFE in that is allows the short run coefficients of the
model to vary across cross-section (Pesaran et, al,1999), but DFE estimator provides the slope
coefficients of the model by considering the panel as a single entity. However, in the short-run
dynamics, the countries under investigation have different policies that impact the level of
carbon dioxide emissions in each country. However, in the long-run, the common long-run
objective of reducing the level of carbon dioxide emission among the countries under
investigation might lead to the same impact of the total primary energy consumption, real gross
domestic product per capita, population density and urbanization. This is because, in order to
achieve the common objective of the countries which is reducing the level of carbon dioxide
emissions resulting from human activities, the countries under analysis could come into a
common consensus, adopt common technologies and act together in the long-run. However, in
the short-run, any action to reduce the level of anthropogenic emissions of carbon dioxide is
affected by the country-specific effects. Therefore, the present study takes PMG as the preferred
model because it allows the short-run dynamics to be heterogeneous across the countries under
investigation. Accordingly, the test of slope homogeneity is conducted as MG vs PMG and MG
vs DFE. The results of the Hausman (1978) test are reported in table 5.6:
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Table 5.6: Husman (1978) test of slope homogeneity (MG vs PMG and MG vs DFE)

. hausman mg pmg, sigmamore

—— Coefficients —
() B) (b-B) sqgrt (diag (V_b-V_B))
ng g Difference S.E.
LENN .4831768 .9209388 -.437762 .3461282
1GCC .501873 .3548048 .1470682 .5868461
LPDD 2.411013 .2377611 2.173252 2.455396
URR -.4182131 .1137519 -.531965 .6565229

b = consistent under Ho and Ha; obtained from xtpmg
B = inconsistent under Ha, efficient under Ho; obtained from xtpmg

Test: Ho: difference in coefficients not systematic

chi2 (4) = (b-B)'[(V bV B)"(-1)] (b-B)
= 1.76
Prob>chi2 = 0.7800
. hausman mg DFE, sigmamore
—— Coefficients —
(b) (B) (b-B) sart (diag(V b-V B))
ng DFE Difference S.E.
LENN .4831768 3772277 .1059491 3.90316
LGCC .501873 .707031 -.205158 6.554181
LPDD 2.411013 .9719006 1.439112 26.90897
URR -.4182131 .0626274 -.4808405 7.191089

b = consistent under Ho and Ha; cbtained from xtpmg
B = inconsistent under Ha, efficient under Ho; cbtained from xtpmg

Test: Ho: difference in coefficients not systematic

chi2(4) = (o-B)'[(V b-V B)"(-1)] (b-B)
= 0.01
Prob>chi2 = 1.0000

Source: own calculation using Eviews 9.0

As it can be observed from Table 5.6, the P-value associated with the Hausman test for MG and
PMG in the upper part of the table above is 0.78. The null hypothesis of the Hausman test is the

long-run coefficients are homogenous across the cross-section. Given this, the test suggests the
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acceptance of the long-run slope homogeneity. The test confirms that the true estimator is
homogenous long-run slope, which means the pooled mean group (PMG) estimates are
consistent and efficient and the mean group( MG) estimates are inconsistent. Given this, the
preferred estimation result is pooled mean group (PMG) estimates.

In order to support the above result of slope homogeneity, another test also carried out to test
slope homogeneity between mean group (MG) and dynamic fixed effects (DFE) estimators.
Therefore, the P-value associated with the Hausman test for MG and DFE in the lower part of the
table above is one (1). This test strictly rejects the alternative hypothesis of slope heterogeneity.
Therefore, the slope heterogeneity is rejected in both MG vs PMG and MG vs DFE tests.
However, the comparison between PMG and DFE is not conducted because of the advantage of
PMG estimates over DFE.

5.8 Model Diagnostics

Before going to interpret the result of the PMG estimator, the present study carried out some
diagnostic tests to verify the viability and reliability of the estimates. These diagnostic tests
include the Wald-test of a long-run relationship between variable under consideration using the
PMG estimation result and the cross-sectional dependence test of the residual resulted from the
PMG estimation result. Further, the study also carried out group-specific diagnostic tests such as
serial correlation, heteroskedasticity, and normality of the residual for the selected ARDL (1, 1,
1, 1, 1) model, which is the time series version of panel-ARDL by country. In addition, the study

also carried out the functional form of the model test by country under study.

5.8.1 Wald- test of a long-run relationship

Table 5.7 reports the results of long-run co-integration test obtained by Wald-test. As can be
observed, the P-value of the F-statistic is highly statistically significant. Accordingly, the present
study rejects the null hypothesis of no long-run relationship between the variables under
consideration. In the panel-ARDL techniques of analysis, the critical values for the Wald- test of
long-run relationship are not provided in the literature. This also confirms the evidence for the
presence of a long-run relationship among the variables under investigation. This result supports
the outcome of the standard panel co-integration (Kao (1999)) test discussed as well as the

decision made using the statistical significance of the error-correction term above. Therefore, a
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significant and positive value of the computed F-statistics from Wald-test of panel-ARDL co-
integration test infers a long-run relationship between carbon dioxide emissions, total primary
energy consumption, real gross domestic product per capita, population density, and

urbanization.

Table 5.7 Wald-test of Panel-ARDL co-integration

Wald- test
Model: Panel-ARDL (1,1,1,1,1)
Test —statistics Value Df P-values
F-statistics 414.8435 (4, 419) 0.0000***
Chi-square 1659.374 4 0.0000***

Note: *** indicates the rejection of a null hypothesis of no co-integration at 1% level of significance.
Source: Own Estimation using Eviews 9.0

Generally, the present study ascertained the existence of a long-run relationship between carbon
dioxide emissions, total primary energy consumption, real gross domestic product per capita,
population density, and urbanization by utilizing the three important test of co-integration. These
include, the standard residual based panel co-integration (Kao (1999)) test, the well-known
panel-ARDL co-integration test, which is the statistical significance of the error-correction term
and finally the Wald-test of the long-run coefficients restrictions. The entire three alternative co-
integration test suggested evidence of the existence of the long-run relationship among the model

variables.

5.8.2 Cross-sectional dependence test

In the panel data context, cross-sectional dependence arises from omitted common effects which
simultaneously affect all the groups in the panel. Such cross-sectional dependence affects the
model estimations and results in misspecifications. Pesaran, et al (1997; 1999) suggested
measures to eliminate such common factors that affect the estimation result; including use of the
cross-sectional means of the included explanatory variables as additional regressors in the model
and use of all of the variables as deviations from their respective cross-sectional means in each
period. The present study utilized the second procedure to eliminate common factors. To check
whether the common factors that affect the panel simultaneously and causes misspecification are
eliminated with demeaning or not, the present study conducted the cross-sectional dependence

tests for the residuals obtained from the model estimated.
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To this end, the most commonly used cross-sectional dependence test, LM test is utilized.
Basically, the LM test proposed by Breusch and Pagan mainly designed for a long panel. Since
the present study is a long panel study, LM is appropriate to test cross-sectional dependence
between error terms of the cross-section. Table 5.8 below reports the results of these tests.

Table 5.8 Cross-sectional dependence test of residual resulting from PMG estimator

Cross-sectional dependence test
Series: residual from PMG estimator
Null-hypothesis: No cross-sectional dependence (correlation)

Test Statistics Df P-value

Breusch-Pagan LM 101.9681 91 0.2029

Source: Own Estimation using Eviews 9.0

As can be observed, the P-value of the test statistic of Breusch-Pagan LM is statistically
insignificant. Accordingly, the present study accepts the null-hypothesis of no cross-sectional
dependence (correlation) between the residuals across cross-section under consideration. This
proves that the estimated result does not show misspecification, resulting from cross-sectional
dependence (or spatial correlation) of the residuals due to unobserved common factors.
Therefore, one can say demeaning of the data eliminates the problem of the cross-sectional

dependence among the residuals of the cross-section under consideration.

5.8.3 Other Diagnostics

In the literature, none of the panel-ARDL study conducted model diagnostic tests, except
Pesaran et.al (1997; 1999) and Anne K, F (2013). These studies conducted diagnostics such as
autocorrelation, heteroscedasticity, normality and functional form of the model by country.
According to them, even though the study under analysis is panel study the model diagnostic
tests are conducted by country since the time period for each cross-section is fairly long and the
model is also established in the long time series of cross-sections. Given this, the model
misspecification tests are made by cross-section to generalize for a panel. Accordingly, following
Pesaran et.al (1997; 1999) and Anne K, F (2013), the present study made some model diagnostic
tests by country in order to check the reliability and verifiability of the estimated long-run and
short-run models. These tests include serial correlation (Brush and Godfray LM test), functional
form (Ramsey’s RESET test), normality (Jarque-Bera test), heteroscedasticity (Breusch-Pagan-

Godfrey test). These tests can be compared among the cross-section and also used to generalize

88




for the panel as a whole. The group-specific tests can be carried out after estimating the time
series version of the above-selected panel-ARDL (1, 1, 1, 1, 1) model or ARDL (1, 1, 1,1, 1)
model for each country. Table 5.9 reports the results of four diagnostic tests which includes test
of autocorrelation or serial correlation of the error term (Brush and Godfray LM test), test of
functional form (Ramsey’s RESET test), test of normality the error (Jarque-Bera test) and
heteroscedasticity (Breusch-Pagan-Godfrey test) regarding the selected model by country (see in
APPENDIX F in the appendices part of the paper). The null-hypothesis of these tests suggests
that the model under investigation has no problem of autocorrelation, heteroscedasticity,
functional form and normality. Given this, the guideline of the decision of the test is given as:

v Accept the null hypothesis of all the tests if the probability value of the computed F-
statistics is greater than the 0.05 level of significance. This infers the model under
estimation is fine or there is no problem of autocorrelation, heteroscedasticity, functional
form and normality of the error.

v Accept the alternative hypothesis of all the tests if the probability value of the computed
F-statistics is less than the 0.05 level of significance. This indicates that the model under
estimation encounters a problem of the autocorrelation, heteroscedasticity, functional
form and normality.

The results reported in Table 5.9 in APPENDIX F show there is no evidence of autocorrelation
(serial correlation of the errors) in the model under estimation for all countries under
investigation except for Burundi and Malawi (see first column in Table 5.9), no evidence of
heteroscedasticity of the error term in the model estimated in all countries under analysis except
Mauritius (see second column), no functional form misspecification in the case of all countries
under study, except Comoros and Mauritius (see third column) and the error term is normally
distributed in all countries except Madagascar, Mozambique, Seychelles, and Tanzania (see the
fourth column). This shows, serial correlation is detected in 2 out of 14 countries,
heteroscedasticity is detected in 1 out of 14 countries, functional misspecification is detected in
two out of 14 countries and lastly, non-normality of the error-term is detected in 4 out of 14
countries. Therefore, the overall results of the diagnostics check are reassuring.
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5.9 Interpretation and discussion of the PMG result

Recall the Table 5.5b, which reports the long-run and short-run slope coefficients of the selected
panel-ARDL (1, 1, 1, 1, 1) model estimation via PMG estimator.

Table 5.5b Pooled Mean Group (PMG) estimation result

Dependent variable: D(LCO5)

Method: Panel-ARDL

Model selection criteria: SBIC

Selected model: Panel-ARDL (1,1,1,1,1)
Estimator: Pooled Mean Group (PMG)

Variable Coefficient Standard error t-statistics P-values

Long-run coefficients

LTPEC .9209388 .0868187 10.61 0.000***
LRGDPPC .3548048 1207925 2.94 0.003***
LPD 2377611 1260457 1.89 0.059*

UR 1137519 .0255648 4.45 0.000***

Short-run coefficients

D(LTPEC) 2100188 0777958 2.70 0.007%%*
D(LRGDPPC) 2247178 1003338 2.24 0.025%*
D(LPD) 1658011 2.459899 0.07 0.946
D(UR) -.0285118 0172671 -1.65 0.099*
ECT. -.2588951 0630549 411 0.000%**
C 10190305 0670121 0.28 0.776

Log Likelihood = 468.8953

Note: *** ** and * indicate the rejection of a null hypothesis of statistical insignificance of the coefficients at 1%,
5% and 10% level of significance.
Source: Own Estimation using Eviews 9.0 and STATA 13.0

The estimated short and long-run coefficients of the PMG estimator can be interpreted as
elasticities. The long-run results of the PMG estimation of the selected panel-ARDL(1, 1, 1, 1, 1)
model in table 5.5b above indicates the explanatory variables total primary energy consumption,

real gross domestic product per capita, population density and urbanization are positively and
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statistically significantly related to carbon dioxide emissions. The details of the result are

discussed as follows;

Energy consumption: - In the long-run, total primary energy consumption has a significant
positive impact on the log of carbon dioxide emissions in the selected fourteen East African
countries(see table 5.5b above). The long-run elasticity of carbon dioxide emissions with respect
to total primary energy consumption is 0.9. This implies, in the long-run, a 1 % change in the
total primary energy consumption leads to a 0.9 % change in carbon dioxide emissions in a set of
countries under study, keeping other things constant. In other words, in the long-run, for 1 %
increase in the consumption of the total primary energy consumption, carbon dioxide emissions
will increase by almost 1 % and vice versa in countries under study, citrus paribus. This
argument is in line or consistent with the other past studies by Shemelis K (2017) who found a
positive and significant impact of energy consumption on anthropogenic emissions of carbon
dioxide when he investigated the link between energy use and carbon dioxide emissions in
Ethiopia. Similarly, other single country studies by Rahmen and Kashem (2017) and Oh and
Bhuyan (2018) for Bangladesh, Tang and Tan (2015) for Vietnam, Halicioglu (2009) for Turkey,
Hassan and Nosheen (2018) and Mahmood and Chaudhary (2012) for Pakistan found energy
consumption as a major determinant of anthropogenic emissions of carbon dioxide in the long-
run. Further, the result of the study is also in accordance with the result of other past multi-
country or panel studies by Asongu et al (2015) and Poku (2016) who found significant and
positive long-run relationship between energy consumption and carbon dioxide emissions for the
case of 24 African countries and sub-Saharan African countries, respectively. Other previous
multi-country studies by Zaraya et al (2015) and Pao and Tsai (2015) for BRICS countries,
Saboori and Sulaiman (2013) and Hilaire and Fotio (2015) provide the similar result which
indicates energy consumption to significantly and positively affect carbon dioxide emissions.

The present study finding is interesting and also has important implications. Energy
consumption highly contributes to the level of anthropogenic emissions of carbon dioxide in the
countries under study. According to UNECA (2014), biomass energy consumption in East
African countries accounts for about 80 % of the total energy mix. This means the highest share
of energy consumption from the total energy mix of the countries under investigation comes

from wood and wood-derived fuels and biomass waste consumption which are categorized as
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primary energy and environmentally unfriendly. Therefore, the consumption and its combustion
results in a higher level of anthropogenic emissions of carbon dioxide in the countries under

study.

In fact, biomass energy is the major energy type which is largely used and also contributes to the
carbon dioxide emissions in the countries. On the other extreme, the increase in the demand for
biomass energy will affect the stock of forests generally and trees particularly. In other words,
the increase in biomass energy causes deforestation of trees and also the degradation of forests. It
is well known that trees and forests provide environmental service as a form of carbon sink.
From this, once the trees and forests are cleared for energy purpose the natural service of trees

and forests as a carbon sink reduced and results in high carbon concentration in the atmosphere.

Economic growth:-In the long-run, economic growth or real gross domestic product per capita
coefficient is found to be positive and statistically significant at 1% level (see Table 5.5b above).
This suggests there is a positive relationship between anthropogenic emissions of carbon dioxide
and the growth in output in the set of selected fourteen East African countries. This suggests that
the increase in the level of economic growth or output will result in emissions of more carbon
dioxide or higher economic growth will accelerate the level of carbon dioxide emissions. The
long-run elasticity of carbon dioxide emissions with respect to economic growth or real gross
domestic product per capita is 0.35. This indicates when the level of real gross domestic product
per capita change by 1 %, the level of carbon dioxide emissions change by 0.35 % in the
countries under analysis, other things remain constant. From this, the increase in the level of
economic growth has a positive impact on carbon dioxide emissions in the selected fourteen
Eastern African economies over the period under consideration. This result is in line with the
other past studies by Shemelis K (2017) who found economic growth in Ethiopia increased
anthropogenic emissions of carbon dioxide in the long-run. Furthermore, the present study result
is in accordance with the result of other previous single and multi-country studies by Asongu et
al (2015) for 24 African countries, Tang and Tan (2011) for Vietnam, Halicioglu (2009) for
Turkey, Pao and Tsai (2015) and Zaraya et al for BRIC countries who found growth in output
significantly affect anthropogenic emissions of carbon dioxide.
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The result of the study is interesting because it has important implications. The increase in the
real gross domestic product per capita or output means that there is high production in the sectors
of the economy such as service, agriculture, and the industry as well as other informal sectors.
Such production in the economy requires higher usage of inputs; the most prominent input is
energy basically in the factories and industries. In other words, the increase in economic
activities in the economy demands more factors of production which result in the consumption of
energy to be quite high. In the same token, the expansion of industries and factories in the set of
countries in the sample demands more inputs and the production process or the utilization of the

inputs might also result in the pollutant emission into the atmosphere.

Backing to the agricultural sector where the highest share of gross domestic product/output/ for
the countries under analysis to be generated, the increase in its output might result in more
emissions of carbon dioxide. In fact, the agricultural output can be increased either via an
increase in the area of land to be cultivated or the improvement in productivity in the sector. In
most of the countries under analysis, the production process in the agricultural sector is
traditional or not mechanized and its productivity is low. The increasing contribution of the
agricultural sector to the economic growth in the countries under analysis might not be because
of improvement in productivity but basically by increasing the area of land to be cultivated. This

could result in more emissions of carbon dioxide by putting pressure on environmental resources.

To add, the increase in the output in the agricultural sector means the economic activity of the
rural resident is increasing and then in order to further increase their output, the rural residents
also demand more land area to cultivate and produce and such demand might result in
unsustainable use of resources both economic and environmental which result in more emission
of pollutant in to the atmosphere. In the agricultural sector, overgrazing and its related activities

also have a significant impact on pollutant emissions.

Regarding the service sector, the contribution of the services sector to the growth of the economy
increasing and among them, transportation is the most polluting sector in the countries under
analysis. It is well known that transportation is basically based on fuel consuming cars and buses

as well as airplanes. Therefore, the contribution of the transportation sector to the countries
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aggregate output is increasing but it also has an effect on the environment or increases the level

of emissions through emitting more pollutant emissions into the atmosphere.

Generally, economic growth means the increase in economic activities in all sectors of the
economy. Such increase in economic activities results in higher usage of fuels most notably in
the factories and industries in the industry sector and transportation in the services sector and the
increase in the area of land to be cultivated and grazed in the agricultural sector. These and other
activities or production process carried out and the inputs used in the sectors might leads to
emissions of more pollutants most notably carbon dioxide.

Population density: - In the long run, a coefficient of population density is found to be
statistically significant at 10 % level (see table 5.5b above). Expectedly, it's coefficient exhibit
positive sign and this suggests there is a positive relationship between the level carbon dioxide
emissions and population density in the region over the period under analysis. The long-run
coefficient or elasticity of population density is 0.24. This result is consistent with that of
Semelis K(2017) for Ethiopia who found that population as a key determinant of anthropogenic
emissions of carbon dioxide in the long-run, Mohmood and Chaudhary (2012) and Hassan and
Nosheern (2018) for Pakistan who found that population density to positively and significantly
affect carbon dioxide emissions in the long-run. And, the study by Oh and Bhuyan (2011) for
Bangladesh found a significant and positive impact of population density on carbon dioxide
emissions in the long-run. Furthermore, the result also corroborates the result of other multi-
country studies by Hilaire and Fotio (2015) for Congo basin countries who found population
density has a positive relationship with carbon dioxide emissions significantly and; Poku (2016)
for Sub-Saharan African countries who found growth in population have significant and positive

impact on carbon dioxide emissions of the region in the long-run.

Therefore, the result of the study has important implications. When the number of people per
square kilometer or population density increases, it results in an increasing number of people
with the lowest area of land to be cultivated and also an area for building. Then the demand for
additional land for cultivation as well as for residential purpose increase. Such demand puts
greater pressure on the natural resources of the area in the form of clearing forests and trees for
the area of cultivation as well as building. But it is well known that these forest and trees provide

services naturally as a carbon sink and once these forests and trees are cleared, the level of
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carbon in the atmosphere increases because of the carbon stored in trees and forests released into
the atmosphere once they are cleared. In other words, the relative increase in population to the
total area or population density leads to a greater utilization or usage of both economic and
environmental resources directly and indirectly. Such exploitation of resources results in

emissions of pollutions such as carbon and others.

Further, an increase in population density also affects the atmospheric concentration of carbon
dioxide via energy consumption where a large population could result in increased demand for
energy for power which leads to an increase in CO, emissions. Furthermore, an increase in
population density has also been found to contribute to CO, emissions through its effect on
production and consumption activities. Therefore, the increase in population density highly
contributes to environmental degradation through over-exploitation of natural resources in the

area.

Urbanization: - In the long-run, the coefficient of urbanization is found to be positive and
statistically significant at 1 % level. This suggests that there is a positive relationship between
anthropogenic emissions of carbon dioxide and the level of urbanization in a set of selected
Eastern African economies over the period under analysis. The long-run elasticity of carbon
dioxide emissions with respect to urbanization is 0.11. That is to say, keeping all other things
fixed, a 1 % change in urbanization results in a 0.11 % change in the level of carbon dioxide
emissions in the countries under investigation. The result is also in line with the other previous
study by Poku (2016) for sub-Saharan African countries who found urbanization significantly
and positively influences the anthropogenic emissions of carbon dioxide in the long run. But the
result contradicts the result of a study by Semelis (2017) for Ethiopia who urbanization is

insignificant in influencing carbon dioxide emissions in the country in the long run.

The finding of the study has an important implication. Basically, urbanization in a set of
countries under investigation is characterized by a dramatic increase in land coverage of
residential areas. This can be described as; the expansion of urbanization means an increase in
the number of urban dwellers and urban activities. The increase in the number of urban dwellers
results to an increase in the demand for residential building, the effect of which is an increase in

demand for the land area for building, the result of which is clearing of forests in general and
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particularly trees and grasslands conversion into urban areas. Thus, carbon stored in the trees and
other plants can be released due to its clearance of plants and results in increasing the

concentration of carbon dioxide emissions in the atmosphere.

In addition to this, in a set of countries under study, land use control is totally absent in some
small towns during urbanization and also weakly manifested in different other cities and towns.
This will leads to an unplanned urban settlement that spread into pieces of farmlands, the effect
of which is more degradation of forests and trees as well as the conversion of grasslands into
residential areas, thereby leading to the high concentration of carbon in the atmosphere. Again,
as the urban dwellers increase, the demand for urban residential houses/building has to increase
which increase the demand for houses/building materials such as cement and lime. The resulting
increase in the demand for cement and lime has increased its production, the effect of which is

more emissions of carbon dioxide into the atmosphere.

Furthermore, in order to receive good urban utilities and social services such as electricity, clean
water, and housing and also good employment opportunity a number of rural dwellers move to
urban centers, the effect of which is the increase in heavy transportation, leading to high energy
consumption in the form of fuel, and thereby increase emissions of pollutant. To add on
transportation, in many large cities like Addis Ababa and other cities in the countries under
investigation there is heavy traffic congestion, which increases the usage of energy consumption

like fuel, thereby leads to an increase in carbon dioxide emissions into the atmosphere.

It is well known that pooled mean group (PMG) estimator provides consistent estimates of the
mean of short-run coefficients for the panel or the whole sample by taking the simple average of
the country-specific short-run coefficients. Given this, the short-run dynamic slope coefficients
of the panel can be discussed in terms of average elasticities for the panel. While the country-
specific short-run dynamic slope coefficients can be discussed as the deviation from the average

elasticities of the panel.
Therefore, the short-run panel-ARDL (1, 1, 1, 1, 1) estimate of PMG estimator above indicates
that the result for total primary energy consumption is in accordance with a long-run case which

exhibits a positive relationship with carbon dioxide emissions in the selected countries under the
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study period. The short-run elasticity of carbon dioxide emissions with respect to total primary
energy consumption is 0.21. Technically, on average, a 1 % change in the use of total primary
energy consumption leads to 0.21 % change in carbon dioxide emissions in the region over the
study period, keeping other things constant. This result also corroborates the results of the past
studies by Shemelis K (2017) for Ethiopia, Asongu et al (2015) for 24 African countries,
Rahman and Kasheem (2017) for Bangladesh and Saboori and Sulaiman (2013) for Association
of Southeast Asian nations, the result of which indicates the increase in energy consumption has
a worsening impact on the environment in the short-run via increasing the level of anthropogenic

emissions of carbon dioxide.

Similarly, in the short-run, real gross domestic product per capita has also significant and
positive observable impact on carbon dioxide emissions in the region. The short-run elasticity of
carbon dioxide emissions with respect to real gross domestic product per capita is 0.22. That is to
say, on average, a 1 % change in the level of real gross domestic product causes, a 0.22 %
change in the level of carbon dioxide emissions, keeping other thongs constant. This implies that
there is a positive relationship between the level of anthropogenic emissions of carbon dioxide
and growth in output in the short-run too. The result is consistent with the previous study by
Asongu et al (2015) for 24 African countries, Hassen and Nosheem (2018) for Pakistan, Tang
and Tan (2015) for Vietnam and Halicigolu F (2009) for turkey.

However, unlike that of the long-run analysis, population density is insignificant and on average,
it does not have any impact on carbon dioxide emissions in the region over the analyzed period.
This result is in accordance with the result of the previous studies by Oh and Bhuyan (2018) for
Bangladesh who found the insignificant short-run impact of population density on carbon

dioxide emissions.

The finding has also important implications. It is well known that the relative increase in the
number of population to the total area of land will cause pressure on natural resources in the
form of searching addition land for agriculture as well as residential purpose. This, in turn,
causes high deforestation and degradation of trees or generally forests. Since deforestation is not
the short-term phenomenon, the impact of such action cannot be observed immediately but

through time it becomes apparent and results in more carbon dioxide emission concentration in
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the atmosphere. Therefore, the impact of population density is insignificant in influencing the
level of anthropogenic emissions of carbon dioxide in the countries under analysis in the short-

run.

In the short-run, the coefficient of urbanization significant yet it is in a statistical sense but unlike
the long-run coefficient, it is negative. The short-run elasticity of carbon dioxide emissions with
respect to urbanization is 0.028, a sign of which is negative. Technically, on average, a 1 %
changes in urbanization results in a 0.028 % change in anthropogenic emissions of carbon
dioxide in a set of countries under study, assuming other things fixed. This suggests that on
average there is a negative relationship between the level of anthropogenic emissions of carbon

dioxide and urbanization in the short-run.

The finding also has important implications. As it was discussed in the long-run analysis case, an
increase in urbanization means an increase in urban resident and activities. The growth in urban
dwellers could occur through the growth of permanently residing urban population or natural
population growth within the cities, rural-urban as well as urban-urban migration due to an
imbalance between the availability of resources as well as job opportunities and a number of
population. It is well known that the present day emission in the region is predominantly from
rural activities, such as agriculture, livestock, deforestation and degradation of forests in general

and tress in particular for the purpose of home cooking and expansion of agricultural lands.

Therefore, once the rural dwellers move from rural to urban areas, the pressure on those natural
resources in the rural part of the country could decrease in the form of a decrease in the
consumption of biomass, reduce in the expansion for agricultural land an also reduction in the
impact of overgrazing. This will contribute to the reduction of pollutants emission most notably
carbon dioxide because combustion of biomass for cooking and use of kerosene for home
lighting in rural could be replaced by hydro-electricity which is environmentally friendly. But the
migrated people in the urban center also have a significant influence on the environment through

the generation of waste and an increase in energy consumption.

At the same time migrated people clear the trees and other plants for residential purpose, but the
impact of such clearance of trees for urban areas doesn’t be observed immediately since

deforestation is not a short-run phenomenon rather it a long-term phenomenon and its impact
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also observed through time. Thus, a negative impact of urbanization in the short-run is might be
because of a positive contribution of rural-urban migration on environmental quality via
reduction of stress on the natural resources in the rural part of the region out weights the negative
environmental impact of migrated people in the urban center of the region.

The error-correction term coefficient is found to be highly statistically significant and also
exhibits the correct sign. This coefficient indicates the speed of adjustment of any disequilibrium
towards long-run equilibrium or the equilibrium error-correction coefficient. The estimated
error-correction term coefficient is 0.25, a sign of which is negative. This suggests that, on
average, approximately 25 % of the previous year shock has been dying out currently. Similarly,
on average, the previous year shock converges back to the long-run equilibrium in each year by
about 25 %. As clearly discussed earlier, such a strongly significant error-correction term
coefficient confirm the existence of the long-run relationship between the model variables.
Therefore, from this result, one can infer that the variables under investigation (carbon dioxide
emissions, real gross domestic product per capita, total primary energy consumption, population

density, and urbanization) have a long-run co-integrating relationship.

To conclude, as it clearly discussed above, the panel elasticity of carbon dioxide emissions with
respect to total primary energy consumption and real gross domestic product per capita is
positive both in the short and long-run. The long-run elasticities of carbon dioxide emissions
with reference to both total primary energy consumption and real gross domestic product per
capita are found to be greater than short-run elasticities. This implies, over time, high energy
consumption and economic growth in a set of countries under investigation lead to more
anthropogenic emissions of carbon dioxide. Comparing the long-run coefficient or elasticities of
total primary energy consumption and real gross domestic product per capita with respect to
carbon emission, the long-run elasticity of total primary energy consumption is found to be
greater than the long-run elasticity of real gross domestic product per capita in a set of the
countries under analysis. Thus, one can conclude that carbon dioxide emission is more
responsive to the increase in energy consumption than economic growth in the long-run.
Therefore, energy consumption is more responsible factor for the increase in carbon dioxide

emissions than economic growth in the long-run.
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Backing to short-run coefficients or elasticities of total primary energy consumption and real
gross domestic product per capita with reference to carbon dioxide emissions in countries under
study, the short-run elasticity of total primary energy consumption is found to be lower than the
short-run elasticity of real gross domestic product per capita. This implies carbon dioxide
emission is more responsive to economic growth than energy consumption in the short-run.
Thus, economic growth is more responsible factor for the increases in the level of carbon dioxide
emission in the short-run compared to energy consumption. Regarding population density, the
elasticity of carbon dioxide emissions with respect to population density is significant in the
long-run but not in the short-run. The sign of the elasticities of carbon dioxide emissions with
respect to urbanization is found to be different, which is positive in the long-run and negative in
the short-run, implying urbanization affects anthropogenic emissions of carbon dioxide

positively and negatively in the long-run and short-run, respectively.

5.9.1 The short-run individual country pooled mean group (PMG) estimation

result

According to Pesaran et, al (1997; 1999), one advantage of the pooled mean group (PMG)
estimator over the dynamic fixed effects (DFE) is that it provides individual country-specific
short-run dynamic slope coefficients. These individual country-specific short-run coefficients
allow the comparative analysis between the mean of the short-run coefficients of the panel and
individual country-specific short-run coefficients. This is possible because PMG estimator
provides consistent estimates of the mean of short-run coefficients by taking the simple average
of the country-specific coefficients. The comparison between the average short-run coefficients
of the panel and country-specific short-run coefficients is based on the magnitude of the

coefficients.

For instance, if the individual country short-run coefficient of total primary energy consumption
is larger than its average coefficient of the panel, one can say that the country is emitting more
than the countries average from the energy sector and vice versa. From Table 5.10 in
APPENDIX G, the short-run coefficient of total primary energy consumption in Burundi is about
0.11 %, while the average short-run coefficient of total primary energy consumption is about

0.21 %. Therefore, Burundi emits less carbon dioxide from energy use compared to the average.
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Given this, the details on the individual country specific short-run slope coefficients are

discussed below.

Compared to the average short-run coefficient of total primary energy consumption of the panel
(0.21), the largest short-run coefficient of total primary energy consumption is observed in
Comoros, Ethiopia, Kenya, Seychelles, Zambia and Zimbabwe, the result of which reveals
energy consumption in these economies affect carbon emissions by more the panel average. The
short-run elasticity of carbon dioxide emission with respect to total primary energy consumption
in the above-listed countries is 0.24, 0.26, 0.4, 0.39, 0.98 and 0.34, respectively. Technically, a 1
% change in total primary energy consumption in Comoros, Ethiopia, Kenya, Seychelles,
Zambia, and Zimbabwe causes a 0.24 %, 0.26 %, 0.4 %, 0.39 %, 0.98 % and 0.34 % change in
carbon dioxide emission, respectively, assuming other thing remains constant. Therefore, one
can conclude that a carbon dioxide emission in these economies is more elastic to a change in
total primary energy consumption compared to its average elasticity. In other words, total
primary energy consumption contributes more to the atmospheric concentration of carbon in the

above-listed countries compared to its average.

Further, among the sample of fourteen countries of the region, these economies such as
Comoros, Ethiopia, Kenya, Seychelles, Zambia and Zimbabwe are found to be more emitting
countries from energy sector and also within these countries Zambia is the most emitting country
from the energy sector because the elasticity of carbon dioxide emission is more elastic to a
change in total primary energy consumption. However, Burundi, Malawi, Mozambique, Rwanda,
and Uganda are found to be less emitting countries from energy consumption compared to the
average and within these countries, Malawi is found to be less emitting country followed by
Mozambique. This is observed from the short-run coefficients of carbon dioxide emissions with
respect to the total primary energy consumption of the countries under study (seen from table
5.10 in APPENDIX F). Furthermore, the country-specific short-run coefficient of total primary
energy consumption is statistically insignificant in the case of Madagascar and Tanzania while
negatively statistically significant in the case of Mauritius. This is might be the energy mix in
Mauritius accounts more renewables or environmentally friendly compared to other fossil fuel

energy.
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Backing to the individual country regression result of real gross domestic product per capita in
column two of table 5.10 in APPENDIX G, its coefficient is found to be statistically significant
only in five countries such as Ethiopia, Madagascar, Malawi, Mozambique, and Zimbabwe.
Among statistically significant coefficients, four of them namely the coefficient of real gross
domestic product per capita in Ethiopia, Malawi, and Mozambique reveals the positive
relationship between carbon emissions and growth in output whereas its coefficient in Zimbabwe
indicates a negative relationship between carbon emissions and output growth. Further, the
largest coefficient is observed in Madagascar followed by Ethiopia, Malawi, and Mozambique,
the result of which infers the countries in that order are the most emitting countries from growth
in output in the economy. This implies, the economic activities in these countries are not that
much environmentally friendly and energy efficient. Statistically, the short-run elasticity of
carbon dioxide emission with reference to real gross domestic product per capita in Ethiopia,
Madagascar, Malawi, Mozambique, and Zimbabwe are 0.36, 1.12, 0.05, 0.046 and -0.22.
Figuratively, a 1 % change in real gross domestic product per capita leads to a 0.36 %, 1.11 %,
0.05 % and 0.046 % change (increase) in carbon dioxide emissions, respectively in Ethiopia,
Madagascar, Malawi, Mozambique and 0.22 % change (decrease) in carbon dioxide emissions

in Zimbabwe, keeping all other things constant.

In Table 5.5b above, the short-run average coefficient of real gross domestic product per capita is
0.22. From this, the short-run coefficients of real gross domestic product per capita in Ethiopia
and Madagascar are found to be larger than its average. This implies economic growth in
Ethiopia and Madagascar contributes more to the increase in carbon emissions compared to its
average. From this, taking economic growth into consideration, Madagascar is found to be the
most emitting country in a set of fourteen Eastern African countries under study followed by
Ethiopia since carbon dioxide emission is more elastic to a change in real gross domestic product

to other countries in the sample.

Backing to Malawi and Mozambique, their real gross domestic product per capita coefficients
fall below the average. Therefore, the contribution of their real gross domestic product per capita
on their carbon dioxide emissions is lower than it's average. This implies that the two countries
namely Malawi and Mozambique are emitting less from their real gross domestic product per

capita. Further, real gross domestic product per capita in Zimbabwe is also found to statistically
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significant in the short-run, but its sign is negative. The negative impact of the real gross
domestic product per capita on carbon dioxide emission in Zimbabwe is might be linked with the

economic performances of the country which was observed in the trend analysis of the data.

Unlike the panel short-run regression result, the individual country specific regression result
shows that the coefficient of the population density is statistically significant only in the case of
Rwanda and Uganda (see table 5.10 in APPENDIX G). The results indicate other things remain
constant; a 1 % change (increase) population density causes a 0.78 % change (increase) in carbon
dioxide emission in Rwanda and 0.44 % change (decrease) in carbon emissions in Uganda.

Regarding urbanization, the individual country regression result reveals its coefficients are
statistically significant in all of the countries in the study and exhibits negative sign in all country
case, except Rwanda, Seychelles, and Uganda. This suggests that urbanization reduces carbon
dioxide emissions in all of the countries under study except Rwanda, Seychelles, and Uganda in
the short-run. Urbanization in Rwanda, Seychelles and Uganda have an increasing impact on
carbon dioxide emissions in short-run too because as can be seen from the data description
analysis of the paper in chapter three, urbanization rate was found to be high in Rwanda and
Uganda and Seychelles in that order.

Further, as it can be seen from column five of table 5.10 in APPENDIX G, the error-correction
term is found to be statistically insignificant only in Burundi. Basically, the error-correction term
shows the speed at which any shock in the previous year has to be adjusted currently or how
much time the adjustment process of the last year shock takes in order to come back to a long-

run state of equilibrium.

From Table 5.10, the fastest convergence from disequilibrium to long-run state of equilibrium is
observed in Mauritius followed by Zimbabwe, Madagascar, Tanzania, Malawi, and Kenya. In
these economies, the speed at which the last year error/shock/ returns back to the long-run
equilibrium is found more than the average. As it can be discussed in the panel short-run
regression result, the coefficient of the speed of adjustment term was about 25%, which was
lower than its short-run coefficient in Mauritius, Zimbabwe, Madagascar, Tanzania, Malawi, and
Kenya. From this, one can understand that the adjustment process of the last year shocks to the

long-run equilibrium take a few periods in these economies compared to the average. On the
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other extreme, the slowest convergence is observed in Rwanda followed by Mozambique,
Ethiopia, Zambia, Uganda, Comoros, and Seychelles. From this, one can understand that the
adjustment process needs more time in order to come back to the long-run state of equilibrium in

these economies compared to the average.
5.10 Pairwise Granger causality test result

In order to identify the direction of causality between the dependent variable (carbon dioxide
emission) and independent variables (energy consumption (total primary energy consumption),
economic growth (real per capita GDP), population density and urbanization, a Granger causality

test is employed. Table 5.11 reports the result of the Granger test.

Table 5.11: pairwise Granger causality test result

Null hypothesis Lag one

F-statistics P-values
LTPEC does not Granger cause LCO, 12.6299 0.0004***
LCO, does not Granger cause LTPEC 18.3473 2.E-05%**
LRGDPPC does not Granger cause LCO; 19.1415 1.E-05***
LCO, does not Granger cause LRGDPPC 1.39986 0.2373
LPD does not Granger cause LCO, 42.2978 2.E-10***
LCO, does not Granger cause LPD 0.03114 0.8600
UR does not Granger cause LCO; 1.02592 0.3116
LCO, does not Granger cause UR 1.04745 0.3066
LRGDPPC does not Granger cause LTPEC 44.1526 8.E-11%**
LTPEC does not Granger cause LRGDPPC 4.41519 0.0361**

Note: *** and ** indicates the significance of the coefficients at 1% and 5% level, respectively
Source: own computation using Eviews 9.0

The Granger test shows that there is bidirectional causality between energy consumption (total
primary energy consumption) and carbon dioxide emission. This implies that energy
consumption and carbon dioxide emission are mutually interdependent and an increase in energy

consumption causes carbon dioxide emission and vice versa. This result is in line with both the
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long and short-run estimation result which claims energy consumption is the major factor behind

increasing carbon dioxide emission in the analyzed countries.

Further, the Granger test reveals economic growth (real per capita GDP) and population density
does granger causes carbon dioxide emission but the reverse doesn’t hold, indicating
unidirectional causality running from economic growth and population density to carbon dioxide
emission. The unidirectional causality or relationship between economic growth, population
density, and carbon dioxide emission suggests that economic growth and population density
cause only carbon dioxide emission and carbon dioxide emission doesn’t cause economic growth
and population density to change. The result corroborates with the long-run estimation result,
which claims both economic growth and population density are long-run drivers of the regions
carbon dioxide emission, but it doesn’t support the short-run result of population density, which
claims the insignificant effect of population density on carbon dioxide emission. Furthermore,
the Granger test shows urbanization doesn’t Granger-cause carbon dioxide emission and also a
carbon dioxide emission doesn’t cause urbanization to change. This result is more or less in line
with the short-run estimation result because in the short-run the impact of urbanization on carbon
dioxide emissions doesn’t have a significant impact in the economic sense. However, in the long-
run, its effect on carbon dioxide emissions will rise even though its effect will still be low

compared to other variables long-run coefficients.

Finally, the granger test between energy consumption and economic growth found that there is a
feedback effect among them. This is observed from the result that claims bidirectional causality
between total primary energy consumption and real per capita GDP, indicating both energy
consumption and economic growth are mutually interdependent and hence jointly determined in
the countries under study. In other words, both economic growth and energy consumption act as
a complement to each other, and hence an increase in energy consumption results in an increase
in economic growth and vice versa. Given this, it is important to consider the impact of possible

negative effects on economic growth in establishing energy conservation policies in the region.
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CHAPTER SIX
CONCLUSION AND RECOMMENDATION

6.1 Conclusion

The present study examines how energy consumption, growth in output, population density and
urbanization influenced CO; emissions in a set of fourteen Easter African countries over the
period 1980-2016, except for Ethiopia (1981-2016), Tanzania (1988-2016), and Uganda (1982-
2016). It also investigated the variables in the model that are responsible for increasing carbon
emissions both in the short-run and long-run. In order to analyze the short-run and long-run
effects of the regressors, the study utilized the panel-ARDL model since it provides the long-run
and short-run estimates simultaneously. It also accommodates the variables with mixed order of
integration but not beyond integrated of order one. The study tested the integration order and co-
integration of the variables under consideration. The integration order of the variables under
study was ascertained by utilizing three-panel unit root tests: Im, Pesaran and Shin (2003),
Fisher-ADF and Fisher-PP. The Kao (1999) residual-based panel co-integration test, Wald-test
and the statistical significance of the error-correction term were used to check the long-run
relationship between the variables. The tests showed that the variables under study have mixed
order of integration (carbon dioxide emissions, total primary energy consumption, real gross
domestic product per capita were integrated of order one whereas population density and
urbanization were integrated of order zero and none of the variables were integrated of order

two).

Further, the results from Kao (1999) residual-based panel co-integration test, Wald-test and the
statistical significance of the error-correction term also show strong evidence of a long-run
relationship between the variables. Schwarz-Bayesian Information Criteria (SBIC) was utilized
in order to select the optimal lags for the model and the result suggested one or 1 lag for the
variable under study and the model became panel-ARDL (1, 1, 1, 1, 1). The study further tested a
number of standard model diagnostics to establish the efficiency of the model and the results

were reassuring and confirmed the overall significance of the model.

Furthermore, the study used three panel-ARDL model estimators: the mean group (MG), the

pooled mean group (PMG), and the dynamic fixed effects (DFE). To select among these
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estimators the study used the Hausman (1978) test. The results suggested that the pooled mean

group (PMG) estimator dominate the other two estimators.

In the long-run pooled mean group (PMG) estimation, the study found has a positive relationship
between carbon dioxide emissions and total primary energy consumption, real gross domestic
product per capita, population density and urbanization. This suggested that energy consumption,
economic growth, population, and urbanization are the long-run drivers of the CO, emissions.
Form the short-run panel pooled mean group (PMG) estimation; total primary energy
consumption and real gross domestic product per capita were positively affecting the level of

carbon dioxide emissions.

This also suggested the two variables, energy consumption, and economic growth, drives the
level of carbon emissions in the short-run too. Population density has an insignificant in the
short-run while urbanization reduces the level of carbon dioxide emissions yet is in the statistical
sense. In the short-run individual country-specific pooled mean group (PMG) estimation, energy
use in Comoros, Ethiopia, Kenya, Seychelles, Zambia, and Zimbabwe increased the level of
anthropogenic emissions of carbon dioxide by more than the panel average. This suggested that
the countries in that order emit more carbon dioxide from their energy consumption. Regarding
economic growth, Madagascar and Ethiopia in that order were found to be the most emitting
countries from growth in their economic activities. Unlike the panel-short-run estimate,
urbanization in Rwanda, Seychelles, and Uganda increased the level of carbon emissions in the

short-run.

The Granger test found bidirectional causality between carbon dioxide emission and energy
consumption as well as energy consumption and economic growth. Further, the Granger test
reveals unidirectional causality running from population density and economic growth to carbon

dioxide emission, but no causality between urbanization and carbon dioxide emission.
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6.2 Recommendations

Although this study captures the impacts and degrees of impacts of energy consumption,
economic growth, and other demographic variables such as population density and urbanization
on anthropogenic emissions of carbon dioxide and not the underlying ways for these impact
improvements, some general recommendations can be suggested in the light of this study results

as follows:

v" From the results, energy consumption is found to the key deriving factor behind
increasing of carbon dioxide emission in the region in both the short and long-run. Such a
positive impact of energy consumption might be due to the high share of unclean or
environmentally unfriendly energy in the total energy consumption and low penetration
of clean energy in the analyzed countries. But, the Granger test suggests that energy
consumption is a complement to the region’s economic growth. Therefore, energy
conservation policy has an important negative effect on the region’s economic growth
performance. Given this, first, there is a need for East African countries to invest more in
cleaner energy alternatives such as biofuels, biogas, wind, solar, and hydro. In this
regard, almost all of the countries under investigation prefer and budget high public
investment on modern renewable energy development and modernization of the
traditional biomass sector and adjusting the energy mix. However, there are potential
challenges facing the countries in the spread of renewable energy technologies and
development of the modern renewable energy source such as high initial investment and
development cost, awareness problem among the users, institutional and capacity
difficulties, international and regional challenges regarding the development of the hydro
and other resources. Second, there is a need for the national and local governments of the
analyzed countries to coordinate, design and implement effective mechanism to tackle
such challenges and to optimize the energy consumption structure. Third, there is a need
for East African countries to raise awareness of different community groups or sections
of the society for green and environmentally friendly renewable energy sources. In this
regard, proper education and training, and positive incentive to community members for
sensible and efficient use of energy will really be helpful. Finally, there is a need for East

African countries to work more on research and investment in clean energy alternative
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because research and investment is the part and parcel of energy policies of the countries
to combat CO, emissions in particular and environmental degradation in general.
Therefore, technological improvement via research and development will help the
countries to optimize the energy consumption structure.

From the result, economic growth also found the key driver behind increasing the level of
anthropogenic emissions of carbon dioxide in 14 selected East African countries in both
the short and long-run. This is might be due to their economic growth is highly inefficient
in energy use and also pollution dependent. Therefore, there is a need for East African
countries to take a policy measures to achieve low-carbon economies via green
investments in the field of clean technologies and thereby lowering the opportunities of
further carbonization of the structure of the economies. In this regard, the general
economic activity, energy consumption, industrial production, agricultural development,
and other sectors and activities in the economies of the analyzed countries are better to be
aligned with their green growth strategies.

The result also confirmed that both population and urbanization are the key long-run
deriving factors behind the increase of carbon dioxide emissions in 14 selected East
African countries. Therefore, there is a need for policymakers in the analyzed countries to
take in to account the dynamics of urbanization and population when designing policies
regarding environmental protection. Also, the responsible body takes into consideration
the impact of population and urbanization when negotiating international, regional and
local agreements regarding the climate change which all of the countries under study
facing today. Furthermore, there is a need for East African countries to control the rate of
population growth via intervention programs. The possible intervention mechanisms are
women empowerment, improving girl education, and creating awareness on negative
effects of having a large family size not only on the natural environment but also on the
socio-economic aspects of life such as education, health, and standard as well as the cost

of living via education and training.
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6.3 Limitation and future research direction

The study limited itself only with the relationship between energy consumption, economic
growth, population density, urbanization and CO, emission in 14 selected East African countries
which covers the annual data for all respective economic variables from the period 1980 up to
2016, except Ethiopia (1981-2016), Tanzania (1988-2016) and Uganda (1982-2016). During the
overall investigation of this study, the main limitation was associated with data availability in
some variables, particularly energy consumption and CO, emission. The period of the study goes
only up to 2016, due to a lack of more recent data for the countries under analysis, especially
data on energy consumption and CO, emission.

Given the importance of the area and inconclusiveness of previous studies, future researches
better to be done particularly on the multivariate framework that investigating the energy
consumption-economic growth-environmental interaction by adding other important variables

simultaneously by taking recently available data.
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APPENDICES

APPENDIX A: Figure 3.14: Historical trends of population density and urbanization by country
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APPENDIX B: Descriptive statistics of the variables

Table 3.1: summary statistics result of the model variables by country

Country Variable observation mean Min Max Standard
deviation
Burundi CO; 37 0.2385562 0.14656 0.50815 0.078861
TPEC 37 0.0047692 0.0011472 0.0070273 0.0016103
RGDPPC 37 264.3618 218.2835 337.7084 42.26593
PD 37 259.3264 160.3122 409.8176 71.44259
UR 37 574960.6 178629 1303728 322804.9
Comoros CO; 37 0.0963858 0.043968 0.18137 0.044095
TPEC 37 0.001799%4 0.0007091 0.0028788 0.0005532
RGDPPC 37 820.4044 746.0924 938.1589 59.73608
PD 37 282.6919 165.4105 427.5126 78.79155
UR 37 145378.6 71463 227693 44894.61
Ethiopia CO, 36 4.636117 1.4739 12.9419 3.047888
TPEC 36 0.0913326 0.0302474 0.2675155 0.0657238
RGDPPC 36 254.7174 163.6233 511.1874 93.69042
PD 36 64.0918 32.8068 102.4032 21.7027
UR 36 10076005.69 | 3832363 20343419 4809385
Kenya CO, 37 8.24627 3.716 15.2342 3.23648
TPEC 37 0.161043 0.0974625 0.3159412 0.059406
RGDPPC 37 907.3564 823.0748 1143.364 80.56811
PD 37 53.85196 28.58522 85.14876 16.7965
UR 37 6358558 2535197 12700000 3016327
Madagascar CO; 37 1.629268 0.6504 3.0895 0.6625456
TPEC 37 0.0286787 0.0150877 0.0580348 0.011897
RGDPPC 37 447.1864 374.4891 621.7155 50.24364
PD 37 26.71585 14.98874 42.78885 8.449783
UR 37 4376897 1614654 8926190 2132053
Malawi CO, 37 0.85791 0.5372 1.3155 0.2197378
TPEC 37 0.0204254 0.0112544 0.0316525 0.0062251
RGDPPC 37 390.0117 315.9296 484.3686 48.29703
PD 37 120.2081 65.36996 191.892 36.52349
UR 37 1586729 557759 2986195 712648.8
Mauritius CO; 37 2.342016 0.50197 4.2246 1.294722
TPEC 37 0.0443276 0.0116167 0.0858977 0.0236282
RGDPPC 37 5362.416 2264.914 9822.008 2273.996
PD 37 563.3932 475.8813 622.4005 48.85004
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UR 37 484434.6 409127 519756 37545.58
Mozambique | CO, 37 2.318391 0.97673 9.8064 2.163718
TPEC 37 0.1073997 0.0153946 0.309788 0.0887415
RGDPPC 37 275.8407 131.6464 514.9615 123.0674
PD 37 23.14328 15.06693 36.661 6.66915
UR 37 5112360 1559003 10068983 2427007
Rwanda CO; 37 0.5904654 0.461 0.98418 0.1261572
TPEC 37 0.0106407 0.0033168 0.0166391 0.0027413
RGDPPC 37 4349577 204.7317 738.8302 124.3138
PD 37 322.9117 208.3792 483.0769 80.80185
UR 37 1011249 242693 2032650 641672.9
Seychelles CO, 37 0.3668368 0.084272 0.73646 0.2139289
TPEC 37 0.00974 0.002 0.0167363 0.0046319
RGDPPC 37 8918.39 5368.842 13598.34 23554
PD 37 169.008 137.5239 205.8196 20.88392
UR 37 39831.41 31229 52859 6466.529
Tanzania CO, 29 5.122059 2.1616 13.6047 3.393348
TPEC 29 0.0942416 0.0480499 0.2335178 0.0519686
RGDPPC 29 588.6129 456.8931 867.0587 130.679
PD 29 33.32549 21.09185 48.84866 8.337511
UR 29 9436388 4356633 18000000 4056875
Uganda CO; 35 1.95309 0.5453 5.5714 1.542373
TPEC 35 0.0389545 0.012653 0.0948501 0.0240492
RGDPPC 35 432.9377 272.7497 662.4344 132.6625
PD 35 119.7219 50.42248 206.9019 47.36767
UR 35 4009097 1085452 9386237 2440055
Zambia CO, 37 2.68533 1.7782 4.5751 0.7426214
TPEC 37 0.1233044 0.0964743 0.1776654 0.0208832
RGDPPC 37 1170.65 903.9815 1629.59 230.7249
PD 37 13.98845 7.922127 22.31855 4.199646
UR 37 4009789 2344797 7041054 1307605
Zimbabwe CO, 37 12.06628 5.5195 17.6845 3.128625
TPEC 37 0.1749027 0.1345883 0.2133858 0.021801
RGDPPC 37 1079 593.1272 1347.972 218.5178
PD 37 30.16758 18.51925 41.74838 6.341023
UR 37 3655295 1602697 5215921 1085625
Source: own computations using STATA 13.0
Table 3.2: summary statistics result of the model variables by a panel
Variables | Obs Natural Mean min max Standard
logarithm deviation
Co2 507 without 3.051269 0.043968 17.6845 3.822127
with 0.2968508 -3.124293 2.872689 1.420629
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TPEC 507 without 0.06647032 0.0007091 0.3159412 0.0690706
with -3.513947 -7.251551 -1.152199 1.438612
RGDPPC | 507 without 1546.363 131.6464 13598 2584.776
With 6.588679 4.880119 9.517703 1.070744
PD 507 without 150.8561 7.922127 622.4005 159.5452
with 4.413939 2.06966 6.433584 1.150911
UR 507 Actual 3528329 31229 2.03e+07 3777127
Growth 4.162764 -1.912491 17.62512 2.256448

Source: own computation using STATA 13.0

Where CO, is carbon dioxide emission (in MTCO,), TPEC is total primary energy consumption (in quadrillion Btu),
RGDPPC is gross domestic product per capita (in constant 2010 $US), PD is population density (in people in sg.km
of land area) and UR is urban population (total).

APPENDIX C: A complete derivation of the re-parameterized of ARDL error-correction model

for time series

To develop the re-parameterized time series ARDL error-correction model, let’s consider the

time series version of the ARDL (1, 1) model.

Ve Ot 01X F 00 X1 F A Vet i, Equ(1)

When y,_, is subtracted from both sides of the model, we have the following

Ayi=80 01Xt 05X 17 (A —=1) Vg @i, Equ(2)
Now let’s assume @ =(1 — 1) meaning (A — 1) = -0

By substituting -® for (A — 1), we have

Ay=80F 01X+ 00Xt 1 = D@ Vi F e Equ(3)

It is well known that Ax,=x; — x;_; and x,=Ax; + x;_,. Now substituting Ax; + x;_, for x;

gives

Ay =6 + 61 (Axe +xp-1) + 82 xe1 — Pyeq te;

Ay=80 + 061 Axe + 81X 1 + 82X 1 - Py1 + e

Ay=60+ 61 Ax: + (61 F02)Xe1 = P Yttt e Equ(4)
Assuming (8; + &, )=, we have the following

Ay =6 + 61 Axe + pxe_q - Py teg
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Ay =60+ 01 Axp + (WXpq1 = P Yeq) F e Equ (5)
Multiplying the terms in the bracket%will give us

Ayi= 8¢ + 61 Axy + CD(%xt—l - Y1) t e

Ay,=6y + 61 Axy — O( yeoq — (%)xt_l ) B Equ (6)
As it can be seen above @ =(1 — 1), u=(8; + &, ), by substituting these in to equation we have

) S
Ay,= 8y + 81 Axp — (1 — A)( Ypuq — ( glf TEIXEm1) F € e Equ (7)

61 +6>
a-2

Taking — () or —( ) =Q, we have

Ayt: 60 + 61 Axt - (1 - A)( V-1 — th—l ) + i e e Equ (8)

Therefore, ( y,—; — Qx,_; ) is the error correcting term lagged by one period or ECM,_, and
—(1 —A) is the error correcting parameter which measures the speed of adjustment of the

model.

Assuming the maximum lags for the variable to be one, a reasonable generalization of the above

error correction model for more than one explanatory variable is as follows

Ay.= 6 + 6y Axqp + 63 Axyp + 63 Axgp + oo+ G A — (1 = A)( Vi1 — Ly Xqp—q —

Qz x2t_1 - .0.3 X3¢—1 — = — .Q.k th_l) + et ...................................................... Equ (9)
Where, 6,, 85, 83, ,,, 8, are coefficients that measure the short —run relationship
Q4, Qy, Qs,,,, Q are coefficients that measure the long-run relationship

From equation (9), one can generalize for the panel data too as

Ay; =89 + 8i1Axir + 62 Axpi + 833 8x35¢ + .+ 8 Axpie — (1= A)( Yip—1 —

Qli xli,t—l - in x2i,t—1 - Q3i X3i’t_1 — e — ‘Q‘ki xki‘t_l) + ei,t ........................... Equ (10)
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APPENDIX D: A complete derivation of the re-parameterized panel-ARDL error correction
model

To develop re-parameterized panel ARDL (p, g, g, q, q) error correction model taking the
variables under analysis, let’s consider the co-integration regression equation that specified as an
autoregressive distributive lag (ARDL) (1, 1, 1, 1, 1) model:

LCO3;=p;LCOZ; 11+ B10iLTPEC;;+ B11,LTPEC;;_1+ B20,LRGDPPC;; + [P51;LRGDPPC;; 4
+ B30iLPDi,t + B31iLPDi,t—1 + :B4OiURi,t + ﬁél-liURi,t—l + u; + ei’t .................... Equ (1)

Subtracting LCO,; ., from both sides of the model will give us the following equation:

ALCOy;=(p;—1)LCO3; 1+ P10iLTPEC;+ B11;LTPEC;;_1+ B20;LRGDPPC;; +
P21iLRGDPPC;_1 + B3o;LPD;y + P31, LPDiy_ 1 + PaoiURiy +  PariURiiq + Wy
B ettt e Equ (2)

Let assume (1-p;) = @;, then (p; — 1) = -;. Therefore, by substituting -¢; in to the equation (2)

above will give us the following equation:

ALCOy; ¢ = P10iLTPEC;+ B11;LTPEC; 1+ B20;LRGDPPC;; +  [21;LRGDPPC;;_4
+B30iLPD;y + P31,LPDjt—1 + PBaoiURir +  PariURir—q -@LCOZirq + ;i +ej:
.......................................................................................................... Equ (3)

It is well known that:

e ALTPEC;, = LTPEC;, - LTPEC;,_,. From this, LTPEC;, = ALTPEC;, + LTPEC;,_,

e ALRGDPPC;, = LRGDPPC;, - LRGDPPC;,_,. From this, LRGDPPC;, =
ALRGDPPC;, + LRGDPPC;,_,

e ALPD;, = LPD;, - LPD;,_,. From this, LPD;, = ALPD; , + LPD;,_,

e AUR;, =UR;,—UR;,_;. Fromthis, UR;, = AUR;, + UR; ,_;
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Now substituting LTPEC;;, LRGDPPC;, , LPD;, and UR;, in the above equation or in

equation (3) will give us:

ALCOZM = ﬁloi(ALTPECi’t+LTPECi't_1 )+ ﬁlliLTPECi,t—1+ ﬁzoi(ALRGDPPCi’t +
LRGDPPC;;_1) + [21;LRGDPPC;y_y + f30;(ALPD;; + LPD;;4 ) +  f31;LPD;yq +
Paoi(AUR;y + UR;y—1) + PariURir—q -@;LCO g + i +ejy

ALCO,;, = ﬁlOiALTPECi’t+,310iLTPECi,t_1 + ,BlliLTPECi’t_1+ ﬁZOiALRGDPPCi,t +

P20iLRGDPPC;;_1+ P21,LRGDPPC;;_1 + B30;ALPD;; + P30;LPD;¢_y + p31;,LPD;rq +
B10iDUR; ¢ + Paoi URit—1 + Pa1iURi—1 -@iLCOz 1 + 1 et

ALCOy; ¢ = B10iALTPEC; 1+(B10i + B11i)LTPEC; 1+ B20;ALRGDPPC; +
(B20it PB21i)LRGDPPC;t_1 + B30;ALPD; + (B30i + B31i)LPD;t—1 + BaoiDUR;¢ + (Baoi +
B41i)URi,t—1 '(PiLCOZi,t—l + Wi + L R LR P EqU(4)

Now let us assume (B1o; + f11:) =V, (Bzoit B21)= 2, (B3oi + B31)= P, (Baoit Pari) =1,
then equation (4) becomes:

ALCOs;; = B1oiALTPEC, + WLTPEC; ;_1+ B0;ALRGDPPC;; + QLRGDPPCy;_; + P30;ALPD,
+ DLPD; 1 + PaoiAUR;y +NUR; 1 -@;LCOZ; 11 +u; +e;;

ALCOy; ¢ = P10iALTPEC; t+ B20;ALRGDPPC; ¢ + B30;ALPD;; + PaoiAUR;: + (WLTPEC;; 4 +
QLRGDPPC;r_y + ®LPD; 1 +NUR;r—1 “@iLCO t—1 + 1) + €1prrerreerereeenenenan, Equ(5)

Now let us multiply the term in the bracket or (YLTPEC;,—, + QLRGDPPC;;_4 + ®PLPD; ., +

NUR; t—1 -@;LCOz; ¢4 + ;) Dby % and this will give the following:

ALCOy; ¢t = P10iALTPEC; 1+ B20;ALRGDPPC;y + B30;ALPD;; + PaoiALUR;: —@;(LCOZir—1 —

%LTPECL-I_1 - gLRGDPPCM_1 -%LPDM_1 “LURy1 - B beyii Equ(6)

Then we can write the panel error correction model as follows:
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ALCO3;¢ = P10i/ALTPEC; 1+ B20;ALRGDPPC;; + B30,ALPD; + Puo;AUR;: —@;(LCOZir—q —
GliLTPECi,t—l - HZiLRGDPPCi,t—l - 03iLPDi't_1 - 94iURi’t_1 - 001) + ei’t ............ EQU(7)

i Q o)
Where, 8,; = %»911' =- ((’%)’921’ = - (E)"%i = —(E): 04 = ~( % ), (Broi + P11i) = V,

(Bzoit B21)= 2, (Bsoi + B31)= P, (Baoit Bari) =1 @ = (1 —py)
Then, equation (7) can also rewrite as:

ALCOy; ¢ = P10iALTPEC; 1+ B0;ALRGDPPC;y  + f30;ALPD;, +  PaoiAUR;; —(1-—

B1oi + B11i B2oi + B21i B30i + Bs1i
PO(LCOs ey — Bt butyirppc, , — (Eoitlayipepppe, , -(Betlayipp, -

(1-p)

Baoi + Baai
(42)1——[)0“)URi’t_1 - 90i)+ei't .................................................................. Equ(8)

Let’s take again —(1 — p;) = ;, and equation (8) becomes:

ALCOz;¢ = B10iALTPEC; ++ B20;ALRGDPPC ¢ + B30;ALPD;y  + BagiAUR; ¢ + @i[LCO -1 —

Bioi + Biii ) _ (B2oi + Ba1i ) ( Bsoi t Bsii ) _ (Baoi * Baai )
PUBAY LTPEC, -y — (ALY LRGDPPC, ey ~( 222B2) 1PD, -y - (HeELtyUR,

The terms in the square bracket in equation (9) represents the error correction term lagged by one
period or the lagged value of the residual extracted from the long-term co-integration regression

equation. This is commonly represented by the symbol ECT; ;_;.
Equation (9) can also rewrite as:

ALCOzi = B1oiALTPEC i+ P20, ALRGDPPCyy  + B30,ALPD;; * BaoibURy
(O0F} ECTi,t—l + S R R T EqU(IO)

Given this, now the general Panel ARDL (p, g, g, q, ) model in equation (1) can be expressed in

the re-parameterized error correction model as follows:

ALCOy; = YP_ yijALCOy—;  +2920 A ALTPEC;,; + X7_08;;ALRGDPPC;,_; +

Z;Cé 0;jALPD;,_; + Y0

j=0 Oi j AURi,t—j + @; ECTi,t—l + Gl Equ (11)
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B1oi + B11i B2oi + B2ai
Where, ECMi,t_l=LC02i,t_1—(1?1fp)“)LTPECi‘t_1 - (%)LRGDPPCMA -

(%)LPDM_1 - (%)URMA - ,;, all other things are as they are defined earlier.

Therefore, the following Panel ARDL equation is the final equation to check for the long-run co-
integration relationships between the variables of interest such as carbon dioxide emissions, total
primary energy consumption, real gross domestic product per capita, population density and
urbanization:

ALCOy = Y02 ¥y ALCOy—;  +X95 A ALTPEC,,_; + X920 8;,;ALRGDPPC;,_; +
%0 @i ALPDye—j + 25 01jAUR e + @i[LCOg -1 — OyLTPEC; ;s - 02LRGDPPCy_y -
O3iLPD;y_1 = O4URi—1 = B0+ €itemreeeeeeeeeiiieeeiie e Equ (12)

APPENDIX E: Multi-co-linearity test result

Table 5.1 Country-specific correlation matrix and VIF statistics for the explanatory variables

Country Correlation and VIF statistics
Burundi Correlation LTPEC LRGDPPC LPD URG
LTPEC 1
LRGDPPC -0.3337 1
LPD 0.5874 -0.7532 1
URG -0.6349 0.3599 -0.2152 1
Collin VIF 3.75 3.68 5.11 2.73
Mean VIF=3.81
VIF VIF 3.75 3.68 5.11 2.73
1/VIF 0.266642 0.272064 0.195848 0.366752
Mean VIF=3.81
Comoros Correlation LTPEC 1
LRGDPPC [ -0.5752 1
LPD 0.7729 -0.8073 1
URG -0.5555 0.8374 -0.8179 1
Collin VIF 2.60 3.95 6.03 4.27
Mean VIF=4.21
VIF VIF 2.60 3.95 6.03 4.27
1/VIF 0.384624 0.253337 0.165967 0.234167
Mean VIF=4.21
Ethiopia Correlation LTPEC 1
LRGDPPC 0.8718 1
LPD 0.8913 0.6656 1
URG -0.0857 0.0196 -0.3409 1
Collin VIF 18.29 5.69 9.72 1.56
Mean VIF=8.82
VIF VIF [ 18.29 | 5.69 | 9.72 | 1.56
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1IVIF | 0.054666 | 0.175809 | 0.102897 | 0.639026
Mean VIF=8.82
Kenya Correlation LTPEC 1
LRGDPPC 0.7279 1
LPD 0.9642 0.5688 1
URG -0.2566 -0.2417 -0.2207 1
Collin VIF 44.32 4.57 30.69 1.08
Mean VIF=20.17
VIF VIF 44.32 4.57 30.69 1.08
1VIF 0.022564 0.218760 0.032585 0.923931
Mean VIF=20.17
Madagascar Correlation LTPEC 1
LRGDPPC -0.6205 1
LPD 0.9319 -0.8030 1
URG -0.3976 0.7162 -0.4957 1
Collin VIF 12.46 7.11 22.23 2.27
Mean VIF=11.02
VIF VIF 12.46 7.11 22.23 2.27
1VIF 0.080260 0.140651 0.044992 0.440020
Mean VIF=11.02
Malawi Correlation LTPEC 1
LRGDPPC 0.5475 1
LPD 0.9442 0.6388 1
URG -0.6720 -0.3220 -0.5528 1
Collin VIF 13.63 1.72 12.42 2.06
Mean VIF=7.46
VIF VIF 13.63 1.72 12.42 2.06
1VIF 0.073379 0.581864 0.080534 0.484471
Mean VIF=7.46
Mauritius Correlation LTPEC 1
LRGDPPC 0.9830 1
LPD 0.9859 0.9840 1
URG -0.8040 -0.8400 -0.8254 1
Collin VIF 46.96 44.46 47.63 3.63
Mean VIF=35.67
VIF VIF 46.96 44.46 47.63 3.63
1/VIF 0.021294 0.022494 0.020994 0.275152
Mean VIF=35.67
Mozambique Correlation LTPEC 1
LRGDPPC 0.8801 1
LPD 0.8027 0.9671 1
URG -0.4705 -0.6731 -0.7089 1
Collin VIF 5.66 29.60 19.19 2.16
Mean VIF=14.15
VIF VIF 5.66 29.60 19.19 2.16
1/VIF 0.176583 0.033789 0.052123 0.462508
Mean VIF=14.15
Rwanda Correlation LTPEC 1
LRGDPPC 0.2105 1
LPD 0.4436 0.7278 1
URG 0.0686 -0.6391 -0.4482 1
Collin VIF 1.40 2.88 2.64 1.84
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Mean VIF=2.19

VIF VIF 1.40 2.88 2.64 1.84
1/VIF 0.713591 0.347712 0.378412 0.543164
Mean VIF=2.19
Seychelles Correlation LTPEC 1
LRGDPPC 0.8952 1
LPD 0.9310 0.9681 1
URG 0.2215 0.2974 0.3121 1
Collin VIF 7.86 16.10 24.96 1.15
Mean VIF=12.52
VIF VIF 7.86 16.10 24.96 1.15
1/VIF 0.127266 0.062097 0.040070 0.865870
Mean VIF=12.52
Tanzania Correlation LTPEC 1
LRGDPPC 0.9927 1
LPD 0.9527 0.9340 1
URG 0.6102 0.6492 0.4580 1
Collin VIF 105.96 87.29 14.88 2.47
Mean VIF=52.65
VIF VIF 105.96 87.29 14.88 2.47
1/VIF 0.009437 0.011456 0.067187 0.404059
Mean VIF=52.65
Uganda Correlation LTPEC 1
LRGDPPC 0.9775 1
LPD 0.9751 0.9431 1
URG -0.7677 -0.7566 -0.8465 1
Collin VIF 70.68 25.40 43.62 5.01
Mean VIF=36.18
VIF VIF 70.68 25.40 43.62 5.01
1/VIF 0.014149 0.039376 0.022924 0.199800
Mean VIF=36.18
Zambia Correlation LTPEC 1
LRGDPPC 0.9303 1
LPD 0.3587 0.4914 1
URG 0.6956 0.7535 0.3626 1
Collin VIF 8.22 10.95 1.46 2.32
Mean VIF=5.74
VIF VIF 8.22 10.95 1.46 2.32
1/VIF 0.121678 0.091284 0.686168 0.431833
Mean VIF=5.74
Zimbabwe Correlation LTPEC 1
LRGDPPC 0.2939 1
LPD 0.3914 -0.6083 1
URG -0.2255 0.6718 -0.8916 1
Collin VIF 2.52 3.55 7.24 5.62
Mean VIF=4.73
VIF VIF 2.52 3.55 7.24 5.62
1/VIF 0.396394 0.281356 0.138183 0.177918
Mean VIF=4.73

Note: The variance inflation factor statistics for the explanatory variables are obtained by utilizing the COLLIN and
VIF command in STATA 13.0 package. These two commands provide the same variance inflation factor statistics
but the former can be used both before and after estimation of the model whereas the later can be used only after the
regression and it requires the last regression command must be reg (or regress).
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Table 5.2 Panel-level correlation matrix and VIF statistics

Correlation LTPEC LRGDPPC LPD URG
LTPEC 1
LRGDPPC 0.0309 1
LPD -0.5829 0.2885 1
URG -0.0314 -0.6398 -0.2071 1
Collin VIF 1.62 1.83 1.77 1.70
Mean VIF=1.73

Note: The value of VIF for the explanatory/independent variable in the panel data is obtained using COLLIN
command in STATA 13.0 package because VIF command needs reg/regress option before it. Actually, both
commands provide the same result.

APPENDIX F: Model diagnostic tests results by country

Table 5.9 diagnostic tests for the selected model in country level

Diagnostic tests
Model: ARDL (1,1,1,1,1)
Country Serial correlation( | Heteroskedasticity Function Normality( JB-test)
Berusch pagan —Im | (Berusch pagan test) form(Ramsey  rest-
test) test)
Burundi F-s =18.15222 F-s =0.488110 F-s =3.443276 F-s =0.254407
P-v=0.0003*** P-v=0.8692 P-v=0.0753 P-v=0.880555
Comoros F-s=1.101750 F-s=1.192325 F-s =4.671886 F-s =0.743252
P-v=0.3039 P-v=0.3408 P-v=0.0404** P-v=0.689612
Ethiopia F-s =1.152344 F-s =2.036528 F-s =0.302108 F-s =5.000302
P-v=0.2937 P-v=0.0775 P-v=0.5876 P-v=0.082073
Kenya F-s =0.344305 F-s =0.818542 F-s =0.144465 F-s =0.499743
P-v=0.5626 P-v=0.6045 P-v=0.7071 P-v=0.778901
Madagascar F-s =0.045530 F-s =0.559185 F-s =1.987021 F-s =29.183448
P-v=0.8328 P-v=0.8173 P-v=0.1710 P-v=0.0000***
Malawi F-s =7.833706 F-s =1.725654 F-s =1221190 F-s =0.443906
P-v=0.0097*** P-v=0.1334 P-v=0.2796 P-v=0.800953
Mauritius F-s =0.500375 F-s =2.445224 F-s =9.604633 F-s =0.339207
P-v=0.4859 P-v=00362** P-v=0.0048*** P-v=0.843999
Mozambique F-s =0.085137 F-s =0.493032 F-s =3.020188 F-s =146.7922
P-v=0.7729 P-v=0.8658 P-v=0.0945 P-v=0.0000***
Rwanda F-s =0.327087 F-s =1.076718 F-s =1.356067 F-s =2.299456
P-v=0.5725 P-v=0.4117 P-v=0.2552 P-v=0.3167211
Seychelles F-s=0.181174 F-s =0.420586 F-s =0.309075 F-s =7.109379
P-v=0.6740 P-v=0.9121 P-v=0.5832 P-v=0.028590**
Tanzania F-s =0.085069 F-s =0.385618 F-s =2.794325 F-s =53.09637
P-v=0.7741 P-v=0.9268 P-v=0.1135 P-v=0.0000***
Uganda F-s =0.005865 F-s =0.874300 F-s =2.575825 F-s =0.150385
P-v=0.9396 P-v=0.5604 P-v=0.1222 P-v=0.927565
Zambia F-s =0.393399 F-s =0.4077603 F-s =1.176955 F-s=0.126442
P-v=0.5362 P-v=0.8763 P-v=0.2883 P-v=0.938736
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Zimbabwe

F-s=0.087115
P-v=0.7703

F-s =1.190546
P-v=0.3418

F-s =0.762447
P-v=0.3909

F-s =5.693490
P-v=0.058033

Note: *** and ** indicate the rejection of a null hypothesis of no co-integration at 1% and 5% level of significance.
Source: Own Estimation using Eviews 9.0

APPENDIX G: Individual country-specific short-run PMG estimation results

Table 5.10 country-specific short-run dynamic coefficients of the Panel-ARDL (1, 1, 1, 1, 1)

model

Dependent variable: D (LCO,)

Model: Panel-ARDL (1,1,1,1,1)

Estimator:

Pooled Mean Group (PMG)

Country Independent variables and their coefficients
D(LTPEC) D(LRGDPP) D(LPD) D(UR) ECT, C
Burundi 0.105424 0.318412 1.80662 -0.096359 -0.000728 -0.017032
(0.001)*** (0.4669) (0.91063) (0.003)*** (0.9284) (0.2170)
Comoros | 0.240819 -0.217528 -17.6535 -0.019249 -0.132646 0.492263
(0.000)*** (0.5908) (0.93821) (0.0293)** (0.001)*** (0.041)**
Ethiopia 0.258965 0.367541 -0.11643 -0.07336 -0.121333 0.027690
(0.002)*** (0.0137)** (0.8994) (0.000)*** (0.000)*** (0.000)***
Kenya 0.399968 0.019655 -4.20700 -0.084722 -0.330249 0.127395
(0.0465)** (0.9810) (0.8771) (0.003)*** (0.000)*** (0.0133)**
Madagasc | 0.056781 1.118596 24.94692 -0.133776 -0.429174 -0.712893
ar (0.1870) (0.0412)** (0.9439) (0.000)*** (0.000)*** (0.0842)
Malawi 0.096670 0.161492 -4.04896 -0.023353 -0.330337 0.125120
(0.009)*** (0.0504)* (0.2262) (0.000)*** (0.000)*** (0.000)**>*
Mauritius | -0.320160 -0.062468 7.918394 -0.059403 -0.807547 -0.031837
S (0.001)*** (0.8539) (0.7777) (0.000)*** (0.000)*** (0.001)**=*
Mozambiqg | 0.099781 0.528691 2.21308 -0.008094 -0.091787 -0.042653
ue (0.008)*** (0.027)** (0.7663) (0.005)*** (0.000)*** (0.003)***
Rwanda 0.135085 0.046052 0.789169 0.007852 -0.001934 -0.0056761
(0.005)*** (0.014)** (0.032)*** (0.000)*** (0.0426)** (0.002)***
Seychelles | 0.389374 0.374307 -0.769911 0.023256 -0.138349 0.024683
(0.004)*** (0.3049) (0.9534) (0.000)*** (0.0012)*** (0.0021)***
Tanzania | -0.037266 0.374872 -0.020359 -0.037741 -0.376608 0.034369
(0.7175) (0.7702) (0.9998) (0.0106)** (0.0002)*** (0.6620)
Uganda 0.179847 0.559656 -0.441788 0.136895 -0.126848 0.058834
(0.009)*** (0.1026) (0.005)*** (0.007)*** (0.0014)*** (0.000)***
Zambia 0.986206 -0.218778 -0.288235 -0.007022 -0.125502 0.011204
(0.001)*** (0.4115) (0.9944) (0.002)*** (0.0002)*** (0.7445)
Zimbabwe | 0.348767 -0.224441 -7.826606 -0.024115 -0.611491 0.175043
(0.0935)* (0.0759)* (0.7061) (0.003)*** (0.0001)*** (0.0005)***

Note: *** ** and * indicate the rejection of a null hypothesis of statistical insignificance of the coefficients at 1%,
5% and 10% level of significance.
Source: Own Estimation using Eviews 9.0
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